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reason	why	 cycling	mobility	 is	being	 currently	 analysed	 from	multiple	perspectives	by	 researchers	
from	many	different	disciplines.	In	addition,	the	fact	that	research	production	on	cycling	mobility	has	
grown	exponentially	over	 the	 last	 years,	 also	evidences	 the	extraordinary	 interests	of	 this	 field	of	
research.		
However,	 there	 are	 some	 relevant	 aspects	 of	 cycling	 mobility	 that	 still	 remain	 relatively	
underexplored,	such	as	its	spatial	dimension,	which	is	the	main	focus	of	interest	of	this	research.	This	
thesis	essentially	explores	cycling	mobility	across	the	city,	and	its	main	objective	is	to	collect,	visualise,	
analyse	 and	 model	 cyclists’	 routes	 and	 the	 distribution	 of	 cycling	 flow	 across	 the	 urban	 street-
network,	with	the	aim	of	reaching	a	better	understanding	of	cyclists’	behaviour	and	cycling	mobility	
patterns	in	cities.	The	research	also	aimed	at	analysing	cyclists’	operating	speeds,	estimating	cycling	
travel	 times	 and	 performing	 a	 comparative	 analysis	 of	 cycling	 accessibility	 in	 relation	 to	 other	
transport	 modes.	 Finally,	 it	 aimed	 at	 predicting	 the	 values	 of	 cycling	 travel	 times	 and	 cycling	








messengers.	 This	 initiative	 illustrated,	 for	 the	 first	 time,	 the	 real	 flow	 of	 casual	 cyclists	 and	 bike	





show	how	this	 flow	 is	distributed	across	 the	urban	street-network,	at	different	moments,	and	 the	










John	Howards’	 declaration,	 and	present	 cycling	 as	 a	 particular	 transport	mode,	 sensitive	 to	many	
elements.	The	models	performed	shed	light	on	the	influence	of	a	wide	range	of	factors	on	cyclists’	
speed,	quantifying	 the	specific	 impact	of	a	wide	range	of	variables	of	a	different	nature:	 from	 the	




the	 total)	 and,	 furthermore,	 they	also	 allow	us	 to	predict	 cyclists’	 travel	 times	 and	accessibility	 in	
future	scenarios,	given	certain	changes	in	the	network,	such	as	the	execution	of	new	infrastructure	or	





during	 the	 morning	 peak	 hour	 of	 a	 working	 day.	 The	 results	 showed	 that	 cycling	 is	 the	 most	















































de	 más	 de	 250,000	 rutas	 GPS,	 registradas	 por	 el	 sistema	 durante	 el	 mes	 de	 abril	 de	 2017.	 Los	


















motivo	 del	mismo)	 o	 relacionadas	 con	 el	 propio	 ciclista	 (como	el	 género	 o	 la	 edad).	 Los	modelos	
también	nos	permiten	estimar	los	tiempos	medios	de	viaje	en	bicicleta	para	toda	la	red	y	no	solo	para	
aquellos	tramos	en	los	que	se	ha	encontrado	flujo	ciclista,	permitiendo	además	estimar	estos	tiempos	



















































































Understanding	 the	 spatial	 dimension	 of	 cycling	mobility,	 and	 exploring	 all	 the	 aspects	 previously	
considered	 is	 crucial	 in	 the	 current	 context.	 Today,	 cities	 and	 institutions	 are	 investing	 important	
resources	with	the	aim	of	promoting	cycling	mobility,	essentially	by	building	cycling	infrastructures	–














as	 to	 evaluate	 the	 impact	 of	 the	 implementation	 of	 certain	 policy	 or	 the	 construction	 of	 certain	
infrastructure	or	facility.	In	consequence,	it	also	allows	us	to	calibrate	models	and	then	predict	what	




different	periods	of	 time	or	specific	dates,	and	analyse	 the	way	 in	which	certain	mobility	patterns	
evolve	over	time.	This	dynamic	analysis	is	especially	helpful,	considering	that	the	adoption	of	temporal	







The	 previous	 introduction	 to	 the	main	 focus	 of	 the	 thesis	 already	 anticipated	 some	 of	 the	most	
relevant	aspects	that	we	wanted	to	explore	throughout	this	research.	The	most	important	research	
questions	that	we	aimed	to	address	are	described	next.	



































private,	 or	 simply	 poorly	 understood.	 The	 collection	 of	 GPS	 routes,	 through	 specific	 initiatives	 or	
through	 important	App	companies,	or	 the	data	 registered	by	 the	growing	Bike	Share	Systems,	are	
bringing	the	possibility	of	exploring	the	activity	of	cyclists	with	an	unprecedented	level	of	detail.		
RQ4. What	paths	do	cyclists	follow?	What	are	the	most	important	urban	arteries	in	terms	of	cycling	flow?	
How	 is	 cycling	 flow	 distributed	 across	 the	 urban	 street-network?	 How	 can	 we	 measure	 this	 flow	
distribution?	
The	study	of	cyclists’	real	routes	is	relevant	at	two	different	levels.	First,	at	the	individual	level,	it	is	






















mid-2014,	 comprising	 1,560	 bikes	 and	 123	 docking	 stations,	 to	 the	 present,	 when	 the	 system	 is	


















and	 time,	a	 static	 view	 that	 could	only	produce	 static	analyses	on	whatever	aspect	we	wanted	 to	
analyse.	 	 However,	 the	 availability	 of	 new	 data	 sources	 has	 recently	 opened	 the	 opportunity	 to	
perform	 more	 dynamic	 analyses,	 based	 on	 data	 with	 high	 temporal	 resolution	 and	 constantly	
updated.	This	fact	allows	us	to	study	the	evolution	of	the	cycling	activity	over	the	course	of	a	day,	or	
to	 identify	 the	 potential	 different	 patterns	 of	 cycling	 mobility	 in	 different	 periods	 of	 time	 or	 at	
different	dates	of	the	year.	
RQ8. What	are	the	factors	that	have	a	greater	impact	on	cyclists’	operating	speeds	and	travel	times?	






























as	 complex	 systems,	which	general	dynamics	 are	 the	 result	of	millions	of	 individual	decisions	and	
interactions.	Because	of	this,	first,	we	had	focus	on	the	analysis	of	cyclists	and	then,	we	could	focus	
on	the	analysis	of	the	cycling	city,	as	Figure	1.1	illustrates.	The	focus	on	cyclists	and	the	focus	on	the	
city	 opened	 two	 parallel	 research	 lines,	 each	 of	 them	 leading	 to	 different	 but	 related	 research	
objectives,	which	are	illustrated	in	Figure	1.1.	
In	summary,	the	general	objectives	of	this	thesis	are	to	visualise,	analyse	and	model	cyclists’	routes	
and	 the	 distribution	 of	 cycling	 flow	 across	 the	 urban	 street-network.	 The	 research	 also	 aims	 at	
analysing	 cyclists’	operating	 speeds,	estimating	 cycling	 travel	 times	and	performing	a	 comparative	



















of	 which	 have	 been	 conducted	 over	 the	 last	 ten	 years.	 Finally,	 it	 is	 essential	 to	 learn	 the	 new	




This	 thesis	 is	necessarily	based	on	the	analysis	of	 real	cyclists’	 routes.	However,	at	 the	moment	 in	













Once	 the	data	was	 cleaned	and	processed,	 the	next	objective	was	 to	 estimate	 the	distribution	of	

























The	 availability	 of	 new	 data	 sources	 provides	 the	 opportunity	 of	 exploring	mobility	 patterns	 in	 a	
dynamic	way.	First,	we	aim	at	analysing	cycling	flow	over	the	course	of	a	day	or	according	to	different	
periods	 of	 time.	 The	objective	 is	 to	 compare	 the	different	 use	of	 the	 city	 and	 the	 street	 network	





Regarding	 the	 analysis	 of	 cycling	 speeds,	 other	 variables	 must	 be	 considered	 in	 addition	 to	 the	
previously	listed.	The	number	of	street	junctions	and,	especially,	the	number	of	traffic	lights,	found	in	
a	 street	 segment,	 the	 type	of	bicycle,	 the	 time	of	 the	day	or	even	weather	conditions,	may	affect	
significantly	cyclists’	operating	speeds	and,	in	consequences,	cycling	travel	times.		
OB8. To	 analyse	 cycling	 accessibility	 and	 to	 conduct	 a	 comparative	 analysis	 different	 transport	modes,	
evaluating	the	competitiveness	between	them.	




































to	 respond	 a	 number	 of	 research	 questions	 also	 included	 in	 the	 section.	 Finally,	 it	 describes	 the	
structure	of	the	thesis	and	how	the	different	objectives	have	been	address	throughout	the	research.		
The	 second	 section	 introduces	 the	 research	 within	 a	 theoretical	 framework,	 by	 providing	 a	








scale	 GPS	 studies	 to	 the	 ‘Big	 GPS’	 data	 sets	 held	 by	 fitness	 and	 leisure	 apps	 or	 specific	 cycling	
initiatives,	the	impact	of	Bike	Share	Programmes	(BSP)	on	the	availability	of	timely	point	data	and	the	
potential	 of	 historical	 journey	data	 for	 trend	 analysis	 and	pattern	 recognition.	 Finally,	 the	 section	
reviews	current	practices	regarding	the	definition	of	cycling	policies	and	infrastructure.		
The	third	section	introduces	the	research	case	study,	the	city	of	Madrid,	providing	a	necessary	local	
context	 in	 order	 to	 understand	 the	 research	 conducted.	 The	 section	 describes	 general	 mobility	
patterns	 and	 the	 state	 of	 cycling	 culture	 in	 Madrid,	 including	 the	 recent	 emergence	 of	 BiciMAD	











The	 fifth	 section	 describes	 the	 development	 and	 results	 of	 the	 Madrid	 Cycle	 Track	 initiative	














































































mode	of	 transport	 that	promises	 to	bring	 a	wide	 range	of	 benefits	 related	 to	different	 social	 and	
environmental	aspects.	Changing	long-standing	travel	behaviour	patterns	is	a	huge	endeavour,	and	in	
order	to	accomplish	this	transport	modal	shift,	cities	have	invested	important	resources	in	providing	
cycling	 infrastructure	 and	 implementing	 different	 pro-bicycle	 policies	 and	 measures.	 In	 this	
endeavour,	cities	are	often	supported	by	national	and	 international	 institutions	and	organizations,	







the	 research	 production	 on	 cycling	mobility	 has	 grown	 exponentially	 evidences	 the	 extraordinary	
interests	of	this	field	of	knowledge.		
This	section	aims	at	summarizing	the	most	important	research	approaches	and	advances	on	cycling	

























Finally,	 we	 will	 highlight	 the	 potential	 interest	 or	 the	 relationship	 between	 this	 thesis	 and	 the	
























Years	 later,	 the	 study	 conducted	by	Tilahun,	 Levinson,	&	Krizek	 (2007)	went	one	 step	 further	and	
evaluated	 the	 preference	 of	 cyclists	 for	 several	 types	 of	 bike	 lanes	 through	 an	 adaptive	 stated	


























of	bike	 facilities	 and	 to	 the	effects	 they	have	on	 the	variation	of	 cycling	 flow,	 since	 the	 impact	of	


















































imprecision	 	 (Hood,	Sall,	&	Charlton,	2011),	 these	new	studies	are	 improving	the	understanding	of	






research	 lines,	based	on	 the	data	already	 collected,	 that	will	 continue	 the	work	 started	here.	 The	
information	 collected	 along	with	 the	GPS	 routes,	 regarding	different	 characteristics	 of	 the	 cyclists	
(such	as	age	or	gender),	variables	related	to	the	journey	(such	as	the	purpose	of	the	journey,	travel	
distance,	 travel	 time,	 accumulated	 elevation	 gain	 or	 loss)	 or	 other	 variables	 related	 to	 the	 street	
network	(such	as	the	slope,	the	type	of	bike	infrastructure	implemented,	the	existence	of	traffic	lights,	
etc.)	or	other	urban	conditions	(motor	traffic	speed	or	density,	for	instance),	brings	the	possibility	of	




















environment:	 what	 matters	 for	 bicycling?”,	 evidenced	 the	 importance	 of	 promoting	 along	 with	
improvements	of	the	environment,	 interventions	 just	 focussed	on	changing	the	perceptions	of	the	
build	environment,	such	as	information	about	bicycle	safety	facts,	educational	activities,	marketing	
materials	 and	 public	 events	 such	 as	 closing	 streets	 to	 cars	 for	 several	 hours	 during	weekends	 or	
holidays,	etc.		
With	a	similar	focus,	the	research	titled	“Analysis	of	perceptions	of	utilitarian	cycling	by	level	of	user	
experience”,	 conducted	 by	 Rondinella,	 Fernandez-Heredia,	 &	 Monzón	 (2012),	 provides	 a	 more	
detailed	study,	 integrated	 in	a	broader	research	on	the	role	of	mode	familiarity,	crystallised	 in	the	
thesis	titled	“Considering	cycling	for	commuting	the	role	of	mode	familiarity:	an	exploration	on	the	
(circular)	relation	between	cycling	behaviours	and	attitudes	toward	cycling	in	Vitoria-Gasteiz,	Spain”	
(Rondinella,	 2015).	 This	 research,	 based	on	 a	 telephone	 survey	 in	 a	 representative	 sample	of	 746	
commuters	in	the	Spanish	city	of	Vitoria-Gasteiz,	explores	what	Rondinella	calls	“the	cycle	of	cycling	
consideration”,	highlighting	 the	 fact	 that	 individuals	need	 to	have	positive	beliefs	 about	 cycling	 in	
order	to	consider	it,	something	unlikely	to	happen	with	the	low	levels	of	familiarity	characteristics	of	
low-cycling	 contexts.	 Base	 on	 the	 same	 data,	 a	 complementary	 analysis	 is	 provided	 by	 (Muñoz,	
Monzon,	&	López,	2016),	exploring	other	key	factors	influencing	bicycle	commuting	and	proposing	a	




better	 understanding	 of	 bicycling	 behaviour	 and	 potential”,	 conducted	 in	 Portland,	 Dill	 &	McNeil	
(2013)	 classified	 cyclists	 into	 four	 different	 categories	 (Strong	 and	 the	 Fearless,	 Enthused	 and	
Confident,	Interested	but	Concerned,	and	No	5	Way	No	How)	based	on	their	stated	level	of	comfort	
cycling	on	different	 facility	 types,	 their	 interest	of	 cycling	beyond	 the	 transportation	purpose,	and	
their	physical	ability	to	bicycle.	A	majority	of	the	908	respondents	fit	in	the	Interested	but	Concerned	

















This	 thesis	 contributes	 to	 the	 exploration	 of	 cycling	 behaviour,	 analysing	 questions	 such	 as	 the	
different	cycling	patters	according	to	the	purpose	of	the	journey,	the	influence	of	weather	conditions	









variables	 that	 particularly	 influence	 cycling	 behaviour.	 For	 instance,	 Cervero	 &	 Duncan	 (2003)	
analysed	the	role	of	the	built	environment	and	what	the	call	urban	landscapes	on	cycling	demand,	
focusing	 on	 urban	 design	 and	 land-use	with	 special	 attention	 on	 factors	 that	 represent	 potential	
barriers	 to	 walking	 or	 bicycling.	 Regarding	 the	 role	 of	 environmental	 factors,	 it	 is	 interesting	 the	





Other	 studies	 have	 been	 concentrated	 on	 developing	 methodologies	 aimed	 at	 estimating	 the	
potential	cyclist	demand	for	future	scenarios,	based	on	the	analysis	of	the	current	activity	—through	
counts	at	different	locations	(J.	Hudson,	Qu,	&	Turner,	2010;	Turner,	1998)	—,	or	based	on	household	



















that	 cyclists	minimized	angular	 distance,	 pointing	 out	 that	 estimating	 least	 angle	 routes	 in	 urban	
environments	is	a	useful	way	of	predicting	cyclist	flow	and	route	choice.	Actually,	in	this	study,	angular	
distance	 turned	 out	 to	 be	 the	 dominant	 explanatory	 variable,	 correlating	 to	 nearly	 70%	 of	 the	





Garrick	 (2008)	 included,	 in	 addition	 to	 Space	 Syntax	 measure	 choice,	 other	 variables	 such	 as	
population	density,	worker	density,	 obtaining	 a	R-Square	 value	of	 0.8016	 (considering	 logarithmic	
transformations).	Another	example	is	the	recent	study	conducted	by	Cooper	(2017),	obtaining	good	




routes.	The	 thesis	may	contribute	 to	 feature	 research	 that	could	 take	advantage	of	 the	 large	data	
sample,	avoiding	possible	over—or	under—	estimations	when	performing	the	different	regressions	
aimed	at	predicting	cycle	volume	from	a	number	of	explanatory	variables.	Actually,	 the	regression	
models	 may	 find	 a	 strong	 foundation	 in	 the	 ones	 developed	 in	 the	 context	 of	 this	 thesis	 when	
predicting	 cyclists’	 operating	 speeds	 and	 travel	 times,	 since	 most	 or	 the	 explanatory	 variables	
considered	here	may	applicable	to	the	new	regression	models	to	develop.	
2.2.5 Public	Bike-Sharing	Systems	
































the	 weekdays,	 weekends	 or	 holidays)	 as	 well	 as	 the	 different	 cycling	 patterns	 of	 frequent	 and	








without	 compromising	 the	 ability	 of	 future	 generations	 to	 meet	 these	 needs’’	 (Black,	 Paez,	 &	
Suthanaya,	 2002),	 has	 become	 one	 of	 the	 most	 important	 goals	 in	 transportation	 planning	 and	
research,	 and	 some	 authors	 (Newman	&	 Kenworthy,	 1999)	 have	 stated	 that	 an	 ideal	 sustainable	






wildlife,	 and	 reduces	 the	 amount	 of	 land	 that	 needs	 to	 be	 covered	 with	 concrete	 and	
asphalt”.	How	to	be	Green	(Button,	1989).	
“Cycling	 causes	 virtually	 no	 environmental	 damage,	 promotes	 health	 through	 physical	
activity,	 takes	 up	 little	 space	 and	 is	 economical,	 both	 in	 direct	 user	 costs	 and	 public	








trips	 but	 also	 for	 medium-distance	 trips	 too	 long	 to	 cover	 by	 walking”.	Making	 Cycling	
Irresistible:	Lessons	from	the	Netherlands,	Denmark	and	Germany	(Pucher	&	Buehler,	2008).	
The	 research	 focused	 on	 analysing	 the	 sustainable	 dimension	 of	 cycling	 and	 on	 highlighting	 its	
environmental	and	social	benefits	is	extensive,	and	covers	a	wide	range	of	aspects.	A	first	group	of	




A	 second	group	of	 investigations	 is	 centred	on	analysing	 the	benefits	 that	 cycling	brings	 to	public	
health.	As	summarized	by	Pucher,	Dill,	&	Handy	(2010),	“Bicycling	is	healthy.	That	is	the	conclusion	of	










assessing	 quantitatively	 the	 reduction	 in	 mortality	 associated	 to	 the	 decrease	 of	 carbon	 dioxide	
emissions,	using	as	a	case	study	the	city	of	Barcelona.	Other	investigations	studied	the	promotion	of	




















different	studies	(Elvik,	2009;	Robinson,	2005)	have	proved	that,	as	bicycling	 levels	 increase,	 injury	
rates	fall,	making	bicycling	safer	and	providing	even	larger	net	health	benefits.	For	 instance,	 in	the	















variations	of	 speed	 at	 intersections	or	 traffic	 lights,	 finding	 evidences	 about	whether	 these	 traffic	
lights	are	respected	or	not	according	to	the	different	types	of	cyclists	or	at	different	moments	of	the	







































In	 this	 context,	 and	with	 the	 aim	 of	 promoting	 a	more	 sustainable	 logistic	 chain,	many	 cities	 are	
stimulating	the	emergence	of	new	bike	messenger	companies.	As	Maes	&	Vanelslander	(2012)	clearly	
described,	“As	vans	are	polluting	urban	areas	and	furthermore	losing	an	enormous	amount	of	time	
and	money	 in	congested	areas,	 the	 issue	of	 the	 last	mile	 is	gaining	 importance.	As	 such,	a	 shared	
incentive	for	privately	operating	companies	and	governments	(at	a	national	and	certainly	at	local	level)	
can	 be	 seen	 to	 stimulate	 alternative	 transport	 concepts,	 ideas	 of	 city	 depots,	 the	 use	 of	 inland	
waterways	to	deliver	in	city	centres,	electrically-powered	vehicles,	shifting	to	night	transport	etc.	are	
getting	 increasing	 attention.	 Local	 governments	want	 to	 decrease	 the	 number	 of	 vans	 and	 trucks	
running	around	in	city	centres.”	










at	 a	 physical	 level,	 something	 that	 is	 not	 trivial,	 considering	 that	working	 as	 a	 bicycle	messenger	
demands	a	very	high	physical	 capacity.	 In	 this	 sense,	 the	 study	conducted	by	Bernmark,	Wiktorin,	
Svartengren,	 Lewné,	&	Aberg	 (2006)	 focused	on	determining	 the	 level	 of	 energy	 expenditure	 and	




















planning	 and	 policy	 practices	 oriented	 to	 foster	 cycling	 mobility.	 The	 content	 of	 these	 different	




the	one	conducted	by	Pucher,	Dill,	&	Handy	 (2010),	who	 reviewed	139	 studies,	based	on	a	broad	
variety	of	methodologies.		
In	addition,	it’s	significant	the	number	of	studies	that	provided	comparative	analysis	of	the	different	










cycling	mobility	 that	 smart	 bikes	 sharing	 programs	 are	 providing	 in	 the	United	 States	 (DeMaio	&	
Gifford,	 2004).	 Some	 scholars	 have	 concentrated	 their	 research	 on	 identifying	 the	 policies	 and	
measures	that	successfully	promote	a	modal	shift	from	car	to	cycling	mobility.	For	instance,	in	their	
study	 “Promoting	walking	 and	 cycling	 as	 an	 alternative	 to	 using	 cars:	 systematic	 review”,	Ogilvie,	
Egan,	 Hamilton,	 &	 Petticrew	 (2004)	 assessed	 what	 interventions	 are	 effective	 in	 promoting	 a	











Although	 this	 thesis	 does	 not	 contribute	 to	 this	 body	 on	 research	 centred	 on	 analysing	 current	
planning	 and	policy	 practices,	 it	 provides	 the	basis	 for	 future	 investigations	 oriented	 to	 study	 the	
impact	of	different	planning	initiatives	and	policy	measures	that	have	been	or	are	being	promoted	in	
the	case	study,	the	city	of	Madrid.	The	different	levels	of	cycling	flow	or	activity	in	general,	visualised	



















well	 as	 governments	 and	 non-governmental	 organisations	 (NGOs)	 (Hall,	 2012).	 Despite	 the	
excitement	 it	 has	 generated,	 working	 definitions	 of	 the	 term	 are	 problematic	 –	 the	most	 widely	
adopted	framework	derived	from	Laney	(2001)	refers	to	the	“3Vs”	of	Big	Data:	Volume	(size),	Velocity	























movement	 towards	 Open	 Government	 Data	 (OGD)	 arguably	 has	 antecedents	 in	 census	 and	
administrative	 data,	 and	 the	 transparency	 agenda	 has	 driven	 the	 release	 of	 largely	 pre-existing	
datasets	(see,	for	example,	Coleman	(2013)).	However,	the	presence	of	technology	as	a	mechanism	
of	automation	and	monitoring	has	generated	new	datasets	with	collection	methods	which	are	distinct	
from	 centrally-compiled	 or	 volunteered	 OGD.	 This	 is	 particularly	 true	 in	 transport,	 where	 the	
automated	systems	for	ticketing	or	charging	create	a	uniquely	detailed	data	stream	–	however,	this	







for	 individual	 users,	 in	 systems	 that	 were	 previously	 sampled	 by	 gate	 counts	 and	 travel-to-work	
questionnaires.	The	quantum	leap	from	limited	to	almost	complete	sampling	is	unprecedented,	and	
time	slices	of	this	data	are	available	to	researchers	or	developers	through	service	providers	online	(for	
example,	Transport	 for	London	(2014)).	Cycling	sits	 in	a	nexus	where	availability	of	Big	Data	 (from	
quantified	 self-data,	 BSP,	 GPS	 devices	 and	mobile	 tracking)	 intersects	with	 societal	 needs	 around	
fitness,	 sustainability	 and	 air	 quality,	 and	 service	 provision	 and	 infrastructure	 planning	 for	 active	
transport.	
This	review	seeks	to	survey	the	Big	Data	sources	available	to	cycling	researchers,	broadly	split	 into	














(for	 example,	 Hood,	 Sall	 &	 Charlton,	 (2011)).	 In	 the	 case	 of	 fitness	 apps	 and	 social	media-driven	
systems,	this	can	number	tens	of	millions	of	users	and	routes	(Endomondo,	2013;	Map	My	Ride,	2014).	
Working	with	GPS	 data	 poses	 some	 challenges	with	 respect	 to	 accuracy	 (Schuessler	&	 Axhausen,	
2009a)	and	volume,	but	it	has	also	been	one	of	the	more	fruitful	in	terms	of	the	application	of	models	
which	can	link	directly	to	transport	planning	policy	on	a	city	or	county	level.	






















for	 transport	 analysis	 (Shen	 &	 Stopher,	 2014).	 Initially,	 the	 technology	 was	 primarily	 applied	 to	
improve	aerial	and	maritime	navigation	systems,	but	since	the	late-1990s	the	largest	application	of	
GPS	has	been	land	transport.	Over	the	last	twenty	years	GPS	data	has	been	collected	for	evaluating	
system	 performance	 such	 as	 measuring	 historical	 congestion	 and	 flow	 levels,	 analysing	 travel	
behaviour	 and	estimating	 route	 choice	models	 (Rasmussen,	 Ingvardson,	Halldórsdóttir,	&	Nielsen,	
2013).	In	the	field	of	mobility,	GPS	data	have	also	been	collected	in	the	context	of	household	travel	













tracking	 functionalities	 also	 fed	 this	 growth.	 The	 emergent	 navigation	 and	 the	 sport/fitness	 app	















&	 Axhausen,	 2009a)	 determined	 diverse	 approaches	 to	 the	 map-matching	 process	 that,	 with	
increasing	complexity	and	sophistication,	solved	the	main	problems.	
The	work	 of	 Harvey	 and	 Krizek	 provided	 a	 descriptive	 approach	 to	 cyclist	 behaviour.	 Subsequent	
studies	 focused	 on	 developing	 cyclist	 route	 choice	 models	 from	 larger	 samples	 of	 GPS	 routes	 –	
typically	studying	thousands	of	cyclists	and	their	routes.	The	first	of	these	studies,	conducted	in	Zürich	
(Menghini	 et	 al.,	 2010),	 analysed	 nearly	 2500	 journeys	 from	 over	 2400	 cyclists.	 The	 sample	 size	































and	 roughness	 data	 collected	 through	 the	 smartphones’	 microphones	 and	 accelerometers.	
Volunteers	could	also	provide	information	about	the	route	as	well	as	uploading	photos	and	videos	of	
the	journeys	–	acting	as	a	community	resource,	but	also	providing	contextual	data	for	researchers.	
Similar	 schemes	 followed	 in	 San	 Francisco,	 California	 (Hood	 et	 al.,	 2011),	 and	Austin,	 Texas	 (J.	 G.	
Hudson,	 Duthie,	 Rathod,	 Larsen,	 &	Meyer,	 2012).	 	 The	 first	 of	 these	 used	 the	mobile	 application	
CycleTrack,	 developed	 for	 the	 study	 by	 Charlton,	 Schwartz,	 Paul,	 Sall,	 &	 Hood	 (2010)	 and	 made	
available	for	Android	and	Apple	iOS	in	an	effort	to	broaden	the	volunteer	base.	The	initiative	collected	




for	 further	 analysis.	 This	 cleaning	 and	 map-matching	 processing	 was	 improved	 by	 the	 research	
conducted	 shortly	 afterwards	 using	 the	 same	 GPS	 smartphone	 application	 in	 Austin,	 Texas	 (J.	 G.	
Hudson	et	al.,	2012).	Although	a	smaller	study,	they	succeeded	in	matching	a	similar	number	of	routes.	
In	 both	 of	 these	 studies,	 the	 participants	were	 recruited	 from	 the	 smartphone	 users	 community,	
raising	 the	question	of	 sample	bias;	 however,	 comparing	demographic	data	 from	 the	 smartphone	
study	with	information	obtained	from	local	travel	surveys	did	not	reveal	significant	difference	in	mean	
age,	although	 they	did	 reveal	a	gender	bias	 towards	males	 in	 the	 smartphone	study.	Other	 socio-
demographic	 data,	 such	 as	 income,	 were	 not	 collected	 to	 avoid	 private	 concerns.	 Smartphone	
ownership	might	have	a	skew	in	that	regard,	but	it	has	not	been	possible	to	test	this.			
Following	these	pioneering	studies,	more	recent	research	 initiatives	have	focussed	on	smartphone	
GPS	applications,	 improving	the	online	platforms	and	websites	 that	 link	apps	with	volunteers,	and	

















coaching	 program	 with	 feedback	 and	 encouragement	 on	 their	 individual	 behaviour,	 or	 both.	 To	















group	of	wealthy	young	people,	 and	even	within	 this	 group,	 two	 thirds	of	users	do	not	use	 these	
devices	for	more	than	six	months	(Mitesh,	Patel,	MBA,	&	Hall,	2015).	Among	these	fitness	apps,	GPS	
sports	 tracking	 apps	 have	 been	 especially	 popular.	 In	 2013,	 7	 of	 these	 apps	 surpassed	 16	million	
downloads	 (Comstock,	 2013);	 	 in	 2013,	 the	 popular	 Endomondo	 celebrated	 its	 fifth	 birthday	 and	
reached	20	million	users	in	more	than	200	countries	(Endomondo,	2013).	MapMyFitness	experienced	


















(2014)	 focussed	 on	 analysing	 travel	 times	 collected	 through	 Strava	 in	 order	 to	 generate	 pacing	
strategies	for	a	cyclist	to	complete	a	course	in	the	fastest	time	possible.	Other	research	defined	the	
conceptual	architecture	of	data	collection,	management	and	methodologies	for	using	and	analysing	
the	 data	 (Clarke	 &	 Steele,	 2011),	 including	 data	 cleaning,	 visualisation	 and	 trajectory	 clustering	
techniques	(Peixoto	and	Xie,	2013).	Other	work	has	instead	focussed	on	the	use,	the	motivations	and	
the	 online	 community	 experience	 for	 the	 people	 that	 use	 cycling	 apps	 (Smith,	 2014).	 Very	 few	
researchers	 in	this	field	have	focussed	on	the	analysis	of	urban	transport	cycling	to	 improve	urban	
planning	and	design	(Clarke	&	Steele,	2011)	or	have	developed	specific	tools	to	analyse	cyclists’	routes.	

















users’	 personal	 information,	 but	 summaries	 of	 basic	 demographic	 information	 (gender	 and	 age	
ranges)	are	provided,	allowing	demographic	bias	to	be	estimated.	Additionally,	it	provides	not	only	
information	 about	 the	 total	 number	of	 cycle	 trips	 but	 also	 the	number	of	 commuting	 trips	 -	 very	
important	 information	 for	 urban	 transport	 planning.	 Strava	 Metro	 also	 provides	 cyclist	 flow	































generation	 of	 BSP	 was	 born.	 Still	 these	 programs	 grew	 slowly	 until	 the	mid-2000s,	 when	 a	 third	
generation	 of	bike	 share	 (characterised	by	electronic	management,	 and	hence	a	 rich	data	 source)	
became	popular	in	many	countries.	Since	then,	the	number	of	such	systems	increased	exponentially	
around	the	world	(Fishman	et	al.,	2013).	By	the	end	of	2007	there	were	about	60	cities	with	third	
generation	BSP	 implemented	worldwide	 (Demaio,	2007);	 according	 to	Fishman	 (2015)	 the	 current	
number	of	BSP	is	855,	with	nearly	one	million	bicycles	in	use.		











historical	 data)	 in	 order	 to	 create	 tools	 to	 estimate	bicycle	 demand	 for	 different	 stations	 and	 the	
optimal	location	of	future	ones.	The	research	pointed	towards	the	potential	of	this	new	source	of	data	

























stations.	 After	 analysing	 the	data,	 the	 investigation	 compared	 and	 classified	 the	BSP	 according	 to	
variables	such	as	the	system’s	geographical	size,	the	variation	of	occupancy	rates	across	the	day	or	
the	 week,	 and	 the	 intensity	 and	 distribution	 of	 activity	 in	 relation	 to	 demographics.	 The	 paper	
compared	 the	 geographical	 distribution	 and	 temporal	 popularity	 of	 a	 range	 of	 different	 schemes,	
allowing	planners	to	examine	schemes	with	elements	in	common	in	other	parts	of	the	world.			
As	well	as	research	focussing	on	providing	useful	apps	and	interfaces	to	service	providers,	researchers	
are	 increasingly	 taking	 more	 theoretical	 approaches	 to	 dock	 data	 to	 understand	 differing	
spatiotemporal	patterns	using	signal	processing	and	statistical	methods.	In	2012,	Lathia,	Ahmed	and	
Capra,	 (2012)	used	cluster	analysis	 to	detect	“similar”	stations	 in	the	London	system	based	on	the	
time	profile	of	their	occupation,	resulting	in	docking	stations	which	have	similar	behaviours	over	the	
course	 of	 a	 day,	 and	 examining	 the	 impact	 of	 “casual”	 users.	 These	users	 pay	 using	 a	 credit	 card	
instead	of	the	access	keys	used	by	subscription	users	at	the	time	of	the	programme’s	launch	-	these	
casual	users	may	be	more	likely	to	be	tourists	or	business	visitors.	Similar	methods	were	applied	by	
























Though	manual	 counts	 cannot	 be	 considered	 as	 a	 source	of	 Big	Data	 –	 they	 just	meet	 the	 first	V	
criterion	 (volume)	 of	 Laney’s	 (2001)	 classification	 -	 they	 are	 still	 the	most	 prevalent	 cycling	 data	
collection	 method	 (Ryus,	 Laustsen,	 Proulx,	 Schneider,	 &	 Hull,	 2014),	 producing	 increasingly	 large	
datasets	through	recent	initiatives.	Many	communities	still	successfully	use	conventional,	lower-tech	
methods	 in	 order	 to	 collect	 point	 data	 and	 support	 an	 evidence	 base	 for	 cycling	 policy.	 	 In	 some	
countries,	 like	 the	 US,	 many	 cycling	 communities	 (Schneider,	 Patten,	 &	 Toole,	 2005)	 encourage	
volunteers	to	register	cyclists	at	key	locations	in	precise	dates	through	manual	count	methods.	Among	
the	different	initiatives,	especially	remarkable	is	the	National	Bicycle	and	Pedestrian	Documentation	




through	automated	counts.	 The	most	 common	methods	are	based	on	pneumatic	 tubes,	 inductive	
loops,	passive	infrared,	automated	video	counters,	infrared	cameras	and	fibre	optic	pressure	sensors	
(Ryus	et	al.,	2014).	Pneumatic	and	inductive	are	widespread,	but	proved	to	be	accurate	only	when	
detectors	 are	 properly	 installed,	 calibrated,	 maintained,	 free	 of	 external	 interference,	 and	 on	 a	
dedicated	bicycle	lane	(Nordback	&	Janson,	2010).	Recently,	more	innovative	counts	based	on	fibre	
optics	register	cyclists	on	mixed	traffic	lanes,	offering	insight	not	only	in	the	cycling	volume	but	also	
in	 the	 speed	 and	 direction.	 In	 the	 Netherlands,	 new	 traffic	 light	 detection	 loops	 have	 been	

























The	 third	 generation	of	BSP	not	only	 record	 information	about	 the	number	of	 bicycles	 in	docking	
stations,	but	also	identify	and	register	bikes	(and	sometimes	an	identifier	for	their	users)	at	the	start	
and	end	dock	of	every	journey.	This	means	that	BSP	are	able	to	provide	general	mobility	data	through	









The	research	carried	out	by	Borgnat	et	al.	 (2011)	 is	one	of	 the	first	analytical	approaches	to	these	
origin-destination	datasets,	and	focussing	on	data	from	the	city	of	Lyon	in	France.	The	investigation	
analysed	the	dataset	provided	by	the	managing	company	and	the	City	Hall,	corresponding	to	the	13	
million	 trips	over	 a	 two	and	half	 year	period.	 The	 system	 registered	 the	 start	 time	and	departure	
station,	and	end	time	and	destination	station,	for	each	journey.	For	the	first	time,	researchers	could	
examine	 individual	mobility,	 characterising	different	groups	according	 to	 the	distance,	duration	or	
speed	of	their	trip.	While	the	research	carried	out	in	Barcelona	on	point	data	(Froehlich	et	al.,	2009),	
covered	a	short	period	of	time,	the	research	conducted	in	Lyon	allowed	trend	and	temporal	analysis	
over	 a	much	 longer	 period.	 The	 data	 collection	 began	 at	 the	 opening	 of	 the	 system	 and	 covered	



















and	Routino	 (http://routino.org),	but	did	not	utilise	 this	 for	distance	estimation	or	 street	network	
loading,	as	 there	was	no	mechanism	to	validate	 this	 route	choice.	Bargar	et	al.	 (2014)	builds	on	a	
network	 analysis	 approach	 (examining	 data	 from	 Washington	 DC,	 Chicago	 and	 Boston),	













journeys	 on	 London	 BSP	 were	 studied	 by	 analysing	 the	 trips	 of	 over	 80	 000	 members	 between	
September	 2011	 and	 September	 2012.	 The	 research	 revealed	 some	 plausible	 patterns,	 like	 the	
increase	 of	 group	 cycling	 journeys	 at	 weekends,	 late	 evenings	 and	 lunchtimes,	 and	 the	 large	






research	 reports,	 unsurprisingly,	 good	 weather	 leading	 to	 high	 cycling	 flow,	 but	 also	 provide	
interesting	 findings	 for	 policy	makers	 and	 urban	 designers,	 such	 as	 the	 relationship	 between	 BSP	
usage	and	urban	density,	and	the	interaction	between	cycling	and	public	transport.	
An	underused	aspect	of	journey	data	is	its	capability	to	act	as	a	supplementary	and	validating	data	
































first	 extensive	 studies,	 titled	 “Bicycle	 Planning:	 Policy	 and	 Practice”	 (M.	 Hudson,	 Levy,	 Nicholson,	
Macrory,	&	Snelson,	1982),	focused	on	analysing	a	wide	range	of	aspects:	plans	for	cycle	networks	
and	 cycling	 safety,	 techniques	 on	how	 to	measure	 cycle	 usage,	 it	 also	 studied	 the	 layout	 of	 cycle	
routes,	 including	 aspects	 such	 as	 signing	 and	 parking	 facilities,	 policies	 on	 cycling	 education	 and	
enforcement	and	finally,	it	analysed	the	legal	aspects	of	cycle	provision.		
Focussing	on	more	recent	practices,	the	study	conducted	by	Pucher,	Dill,	&	Handy	(2010),	provides	an	
extensive	 review	 on	 the	 effects	 of	 different	 interventions,	 based	 on	 the	 in-depth	 analysis	 of	 139	
studies	and	collecting	data	from	14	case	study	cities	where	multiple	interventions	were	adopted.	The	




• Travel-related	infrastructure.	 It	 includes	 interventions	such	as	road	bicycle	 lanes	(usually	
designated	by	a	white	stripe,	a	bicycle	icon	on	the	pavement	and	signage),	shared	bus/bike	































are	 temporarily	 closed	 to	motorized	 traffic	 and	 reserved	 for	 se	 by	 pedestrians,	 runners,	
rollerbladers	 and	 cyclists),	 other	 specific	 bicycling	 programs	 such	 as	 Bike-to-Work	 Days	
(which	are	promotional	events	that	encourage	commuters	to	try	to	bicycling,	usually	over	a	
day,	 a	week	or	 a	month,	usually	 including	 free	breakfast,	 giveaways,	 contests	 and	other	
activities),	or	legal	interventions	such	as	helmet	laws	(although	mandatory	helmet	measures	
have	been	 contested	and	eventually	 refused	 in	many	 countries,	 such	as	 Spain)	or	 speed	
motor	traffic	limitations.		
Although	 the	 study	 evaluates	 the	 effects	 of	 each	 different	 measure	 on	 the	 amount	 of	 bicycling,	
independently,	 the	 research	 also	 highlighted	 the	 importance	 of	 fostering	 integrated	 packages	 of	
















On	 the	 other	 hand,	 more	 critical	 reviews,	 such	 as	 the	 one	 provided	 by	 Schimek	 (1997)	 in	 “The	
dilemmas	of	bicycle	planning”,	or	the	one	coming	from	Fishman	et	al.	(2013),	introduce	remarkable	
warnings	 and	doubts	 about	 the	 real	 effects	 of	many	policies,	 poiting	 to	many	 studies	 in	 different	
countries	reporting,	for	instance,	that	the	proportion	of	car	drivers	transferring	to	cycling	is	not	really	
significant	 yet.	 According	 to	 them,	 we	 cannot	 assume	 that	 a	 significant	 proportion	 of	 users	 are	
transferring	to	public	bicycle	from	single	occupant	car	use.	“Yet,	a	wide	range	of	papers	from	a	number	
of	 countries	have	 reported	 that	 this	 is	 seldom	the	case”.	Other	 studies	 support	a	 similar	 idea;	 for	





In	addition,	with	 regard	 to	 this	discussion	on	 the	 real	effects	utility	of	 certain	planning	and	policy	
practices,	 another	 critical	 perspective	 often	 comes	 from	 cycling	 associations	 or	 non-institutional	
cycling	organizations.	Against	the	popularly	believed	consensus	about	the	necessary	development	of	
certain	laws	(such	as	the	mandatory	helmet	law)	or	the	implementation	of	certain	facilities,	such	as	
bike	 lanes,	 some	 cycling	 associations	 hold	 a	 contrary	 opinion,	 and	 oppose	 their	 implementation	











different	moments.	This	 is	or	particular	 interest	 in	order	 to	evaluate	measures	such	as	 the	streets	















At	a	global	 level,	 it	 is	remarkable	the	work	developed	by	United	Nations,	essentially	through	three	
different	programs.	The	 first	one	 is	 the	United	Nations	HABITAT	Programme,	which	covers	a	wide	
variety	of	themes.	Mobility	is	one	of	the	aspects	UN-Habitat	is	working	in,	offering	a	comprehensive	
package	of	knowledge,	advocacy,	and	technical	assistance	to	support	national	governments	and	local	
authorities	 in	 the	 development	 and	 implementation	 of	 sustainable	 urban	 mobility	 plans	 and	
investment	strategies.	The	second	one	is	the	United	Nations	Development	Programme	(UNDP),	which	
provides	some	general	analysis	of	mobility	and	transport,	especially	in	developing	countries,	and	the	
third	one	 is	 the	United	Nations	Environment	Programme	 (UNEP),	with	a	 specific	 topic	 focused	on	
promoting	sustainable	low	emissions	transport,	with	an	especial	emphasis	on	walking	and	cycling.		
Although	 in	 terms	of	proposals	 these	programmes	may	be	 found	too	generic,	 their	contribution	 is	
relevant,	 since	 they	 provide	 a	 necessary	 global	 perspective	 through	 reports	 like	 the	 recent	 one	
published	 by	UNEP,	 “Global	 outlook	 on	Walking	 and	 Cycling.	 Policies	&	 realities	 from	 around	 the	
world”	(Jennings,	2016).	While	most	of	the	existing	research	on	developing	cycling	mobility	focuses	




transport,	 it	 is	 a	 cheap,	 flexible,	personal	mode	without	which	 the	majority	of	people	 in	 low-	and	
middle-income	 countries	 are	 unable	 to	 participate	 in	 the	 economy	 and	 community,	 or	 access	
education,	health-care	and	other	urban	services.	
There	are	other	Non-Governmental	or	Non-Institutional	Organizations	working	 to	promote	cycling	
globally,	 such	as	 the	Global	Biking	 Initiative	 (GBI)	 (https://gbi-event.org/en/)	or	 the	Global	Cycling	






and	 cycling	 should	 become	 an	 integral	 part	 of	 urban	 mobility	 and	 infrastructure	 design.	 The	 EC	
analyses	 the	 current	 situation	 on	 urban	 transport	 mobility	 through	 initiatives	 such	 as	 the	















carpooling”.	 Another	 relevant	 programme	 supporting	 urban	 cycling	mobility	 within	 the	 European	
context	is	the	URBACT	programme,	which	for	about	approximately	15	years	has	been	the	European	



























Institutional	Organization	 in	Spain,	 including	ConBici	 (a	 large	association	which	 integrates	other	61	
national	 cycling	 associations),	 the	 Real	 Federación	 Española	 de	 Ciclismo	 (The	 Royal	 Cyclists’	
Federation),	 the	 Professional	 Cyclists	 Association	 (ACP),	 the	 Red	 de	 Cicloturistas	 (Cyclist	 Lawyers	
Network)	and	the	IMBA	(Mountain	Bikers	Association).	
Non-Governmental	 or	 Non-Institutional	 Organizations	 play	 an	 active	 role	 at	 the	 national	 scale	 in	















General	 de	 Planificación	 de	 la	 Movilidad	 Urbana	 Sostenible	 (Sustainable	 Urban	 Mobility	 Sub-
Directorate)	of	the	Madrid	City	Council,	in	charge,	for	instance,	of	developing	the	Cycling	Mobility	Plan	




the	 levels	 of	 cycling	 activity	 are	 really	 low	 even	 compared	 to	 other	 Spanish	 cities,	 and	 cyclists	 in	
general	feel	the	need	of	pushing	the	government	to	take	action	on	it.	A	recent	example	that	illustrate	
this	 constant	 dialogue	 is	 the	 document	 that	 includes	 all	 the	 Suggestions	 and	 contributions	 to	 the	
Madrid	Cycling	Mobility	Plan	draft	(Ayuntamiento	de	Madrid,	2016)	or	the	collaboration	between	the	
























each	 research	 line	 evidence	 a	 significant	 improvement.	 For	 instance,	 current	 route	 choice	 studies	
overcome	 the	 traditional	 SP	 and	 RP	 limitations	 in	 terms	 of	 	 high	 costs,	 small	 samples	 and	 spatial	
imprecision		(Hood	et	al.,	2011),	and	the	new	models	developed	are	improving	the	understanding	of	
urban	 cyclist	 behaviour	 and	 producing	 outputs	 to	 inform	 the	 planning	 and	 design	 of	 bike	
infrastructures	and	policies.	
















and	perhaps	the	second	criterion	(Velocity),	since	some	data	 is	available	 in	real	 time	(Luo	&	Shen,	
2009;	O’Brien,	2010,	2013).	It	is	more	questionable	whether	the	other	V	criteria	(Variety	and	Veracity)	
are	met,	at	least	in	the	way	that	the	data	is	currently	being	used.	In	the	context	of	cycling,	while	the	







































their	 lack	 of	 accuracy	 in	 some	 urban	 areas	 can	 mean	 analysts	 lack	 the	 fine	 detail	 to	 precisely	
distinguish	 route	 choice	 –	 one	 of	 the	main	 reasons	 the	 data	 is	 of	 interest.	 The	 Galileo	 European	
































focussed	on	 increasing	and	 improving	a	number	of	 independent	 interventions.	The	effects	of	such	
interventions,	well	 reviewed	 by	 the	 in-depth	 analysis	 conducted	 by	 Pucher,	 Dill,	 &	 Handy	 (2010),	
previously	described,	have	been,	with	more	or	less	effectiveness,	clearly	positive.	However,	this	study	

















of	 smartphones	 and	 perhaps	 a	 new	 generation	 of	wearable	 technology,	 providing	 information	 to	




































































and	Madrid	presents	not	only	an	 important	public	 transport	use	but	also	a	 relevant	share	of	non-
motorised	transport.	According	to	the	last	Mobility	Survey	conducted	in	Madrid	(Consorcio	Regional	
de	Tranpsortes	de	la	Comunidad	de	Madrid,	2014),	public	and	private	transport	account	for	the	53.2%	
and	 43.1%	 of	 the	 trips	 respectively	 (another	 3.7%	 apparently	 correspond	 to	 other	 modes),	 and	
motorised	and	non-motorised	transport	correspond	to	the	75.4%	and	24.6%	of	the	trips	respectively	
(with	a	remarkable	positive	different	of	8.74%	in	10	years).		
However,	Spain	shows	 low	 levels	of	cycling	mobility	compared	to	other	countries	of	 the	European	
Union,	 as	 Figure	 3.1	 shows,	 illustrating	 the	 data	 obtained	 from	 the	 Special	 Eurobarometer	 422a	
"Quality	of	transport"	(European	DG	MOVE,	2014),	on	the	cycling	modal	share	of	the	28	countries	of	
the	European	Union,	on	a	typical	day.	Spain	reach	a	3%,	similar	to	the	modal	share	of	France	or	The	
United	 Kingdom,	 but	 far	 from	 the	 European	 average	 (8%)	 and	 of	 course	 from	 the	 countries	with	
highest	levels	of	cycling	activity,	as	The	Netherlands	(36%)	or	Denmark	(23%).		
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Cycling	 culture	 is	 relatively	 low,	 (Muñoz,	Monzon,	&	 Lois,	 2013),	 as	 the	 comparison	of	 the	 cycling	
modal	share	 in	Madrid	and	other	cities	 	 reveals	 (Figure	3.2),	considering	other	sources	 	 (Blanchar,	























































evolution	 of	 the	 cycling	 modal	 share	 over	 the	 last	 years	 reveals	 (Figure	 3.3),	 according	 the	 data	
collected	from	different	sources	by	Kisters,	García,	Rondinella,	&	Alduán	(2016).	
In	addition	to	these	general	trends	on	cycling	mobility,	it	is	necessary	to	look	into	cycling	community	




recreational	or	sportive	purposes,	 just	a	14%	—	 sometimes	or	 frequently —	use	the	bicycle	as	an	
urban	transport	mode.	A	29%	of	the	population	reject	its	use	and	a	57%	of	people	are	considered	as	
potential	 cyclists,	 since	 they	 assert	 they	 would	 be	 willing	 to	 cycle	 in	 the	 future,	 given	 certain	
circumstances	or	conditions.	Potential	cyclists	group	present	a	higher	proportion	of	males	and	their	
average	age	is	37.5,	while	the	group	rejecting	the	use	of	bicycles	presents	a	high	proportion	of	women	









of	 the	 cyclists	 respectively,	 showing	 a	 slightly	more	 balanced	 proportion	 that	 in	 the	 2011	 report,	









(Ayuntamiento	de	Madrid,	2008),	with	 the	aim	of	analysing	 the	existing	cycling	demand	 (DOYMO,	
2011;	EUSA	Sociología,	2011;	Monzon	de	Cáceres	et	al.,	 2011).	Table	3.1	 shows	 the	 results	of	 the	
counts	carried	out	by	these	studies,	proving	information	on	the	proportion	of	males/females,	as	well	






Males		 Females	 Occasional	 Daily	
Prado-Recoletos-Castellana	 81,0%	 19,0%	 18,0%	 2,4%	 2475	
Hermanos	García	Noblejas	 83,7%	 16,3%	 3,33%	 0,0%	 1433	
José	del	Hierro	 78,3%	 21,7%	 3,9%	 2,5%	 814	
Atocha	/	Mayor	/	Alcalá	 82,4%	 17,6%	 3,0%	 3,0%	 882	
Bailén	 80,8%	 19,2%	 3,0%	 3,0%	 402	
Ciudad	Universitaria	 78,7%	 21,3%	 20,7%	 12,7%	 567	






























































Willing	to		 It’s	 It	is	not	 Not	willing	 Potential		 Counts	
change	 probable	 probable	 To	change	 change	 area	
Prado-Recoletos-Castellana	 30,0%	 -	 -	 70,0%	 45,0%	 2475	
Hermanos	García	Noblejas	 34,8%	 32,6%	 10,0%	 22,6%	 67,4%	 1433	
José	del	Hierro	 37,0%	 27,4%	 11,0%	 24,7%	 64,4%	 814	
Atocha	/	Mayor	/	Alcalá	 14,0%	 35,0%	 34,0%	 17,0%	 49,0%	 882	
Bailén	 23,0%	 38,0%	 29,0%	 10,0%	 61,0%	 402	
Ciudad	Universitaria	 34,7%	 34,7%	 16,0%	 14,0%	 69,3%	 567	








Willing	to	 It’s	 It	is	not	 Not	willing	 Current	 Potential	
change	 probable	 probable	 To	change	 percentage	 change	
Males	 16,0%	 41,0%	 30,0%	 14,0%	 2,1%	 59,1%	
Females	 19,0%	 28,0%	 35,0%	 17,0%	 0,4%	 47,4%	
	
Regarding	 the	analysis	of	 the	existing	cycling	community	according	 to	age,	 interesting	 findings	are	
exposed	again	by	the	studies	conducted	as	part	of	the	Cycling	Mobility	Master	Plan		(Ayuntamiento	










12-24	 28,0%	 27,0%	 22,9%	 28,7%	 11,0%	
25-39	 29,2%	 36,9%	 39,8%	 37,3%	 29,5%	
40-54	 28,8%	 24,0%	 26,4%	 24,9%	 30,0%	
55-69	 13,9%	 9,2%	 9,6%	 6,2%	 19,0%	















expansion	 phase	 is	meant	 to	 take	 place	 in	 2018,	 adding	 42	 new	 stations	 and	 468	 bicycles	 to	 the	
system,	—	reaching	214	stations	and	2,496	bicycles	—,	and	the	current	plan	is	to	comprise	over	4,000	
bicycles	and	350	bike	stations	by	2019	(Lantiga,	2017).	BiciMAD	currently	covers	the	inner-central	area	
of	 Madrid,	 with	 nearly	 850,000	 inhabitants,	 and	 with	 approximately	 8.9	 million	 tourists	 in	 2016	
(Munkácsy	&	Monzón,	2017).		
As	 the	Figure	3.6	 shows,	 in	 terms	of	number	of	users,	BiciMAD	experienced	an	 important	 growth	
during	the	first	two	years,	reaching	the	peak	of	70,000	active	users	by	June	2016,	one	year	after	the	
first	expansion.	This	figure	went	slightly	down	for	some	months,	but	essentially	the	number	of	users	













































implemented	 to	 avoid	 thefts,	 but	 useful	 in	 order	 to	 track	 cyclists’	 activity,	 as	we	will	 see	 in	 next	
section).		























































Figure	3.7	 illustrates	 the	 two	main	 type	of	bike	 infrastructure	existing	 in	Madrid,	according	 to	 the	
Madrid	City	Council	classification:	“Ciclocarriles”	(on	road	or	non-segregated	from	traffic	bike	lanes)	













2015),	 offering	 slightly	 diverse	 figures	 than	 the	 previously	 mentioned	 —and	 probably	 more	



























with	the	aim	of	 improving	the	 integration	of	cycling	within	the	global	public	 transport	network.	 In	
2012,	 it	 became	 legal	 to	 introduce	 foldable	bicycles	 in	public	 buses	 and,	 in	 2016,	 it	 improved	 the	
options	to	travel	in	the	underground	with	bicycles	at	specific	times	(avoiding	rush	hours),	and	without	
limitations	out	of	the	M-40	peripheral	highway.	




































km	of	cycling	 lanes,	 the	objective	 is	 to	 reach	a	cycle	 lane	network	of	570	km	by	2025.	 In	order	 to	
achieve	this	goal,	Madrid	City	Council	plans	to	invest	around	86	million	of	Euros	during	this	period	of	
time.	
The	 planned	 network	 is	 denser	 in	 the	 centre,	 where	 there	 is	 a	 greater	 concentration	 of	 travel	
destinations	 and	 the	 highest	 levels	 of	 demand.	 The	 specific	 network	 defined	 by	 the	 plan	 can	 be	



















despite	Madrid’s	 relatively	 low	 “cycling	 culture”,	 the	 city	 is	more	 than	 valid	 as	 a	 case	 study	 since	
cycling	mobility	is	growing	significantly	and	there	is	a	significant	cycling	activity	to	explore.		
Second,	this	existing	relatively	low	cycling	activity	in	Madrid	has	led	to	the	formation	of	an	increasing	
number	 of	 cycling	 associations,	 which	 are	 working	 very	 actively	 with	 the	 aim	 of	 pushing	 local	
government	 to	 adopt	 new	measures	 and	develop	 new	 infrastructure	 oriented	 to	 promote	 cycling	




segregated	and	not-segregated	bike	 lanes)	which	can	be	analyzed	 in	 terms	of	 their	 real	 impact	on	










































promoted	 in	many	 cities.	 This	 is	 done	 essentially	 by	 implementing	 different	 types	 of	 policies,	 by	


















First,	 the	 route	 choice	 analysis	 performed	by	 	 Khatri	 (2015),	 based	on	 approximately	 12,000	 trips	


























Council	 classification:	 “Ciclocarriles”	 (on-road	or	non-segregated	 from	 traffic	 bike	 lanes)	 and	 “Vías	
Ciclistas”	(bike	lanes	somehow	segregated	from	traffic,	not	necessarily	with	a	physical	barrier).	The	
data,	 updated	 in	 2017,	 was	 downloaded	 from	 the	 Madrid	 Data	 Council	 Open	 Data	 Platform	
(http://datos.madrid.es).	Figure	3.7	represents	this	existing	cycling	infrastructure,	along	with	BiciMAD	
bike	stations.	
The	 study	 is	 based	 on	 the	 analysis	 of	 a	 collection	 of	 data	 provided	 by	 the	 Municipal	 Transport	
Company	(EMT),	which	is	currently	managing	BiciMAD.	The	dataset	corresponds	to	the	253,556	routes	
recorded	by	the	BSS	during	April	2017,	although	we	left	aside	the	trips	derived	from	BSS	redistribution	
and	 focused	 on	 the	 analysis	 of	 the	 resulting	 230,238	 trips.	 For	 each	 trip,	 the	 dataset	 provided	
information	on	both	origin	and	destination	stations	and	docks,	the	duration	of	the	journey	in	seconds,	
the	specific	date	and	starting	time	(aggregated	per	hour,	in	order	to	protect	the	anonymity	of	users),	
age	 according	 to	 6	 ranges	 (0-16,	 17-18,	 19-26,	 27-40,	 41-65	 and	 over	 65),	 and	 the	 type	 of	 user	
(frequent	user,	occasional	user,	and	unknown	user,	with	215,371,	4,578	and	10,289	routes	for	each	
group,	 respectively).	 Based	 on	 the	 date	 field,	we	 classified	 the	 routes	 according	 to	 four	 different	
typical	 days,	 considering	 that	 they	 could	 present	 different	 travel	 patterns.	 More	 specifically,	 we	
identified	and	categorised	the	trips	that	took	place	on	the	weekdays	from	Monday	to	Thursday,	on	
Fridays,	at	the	weekends	and	on	holidays	(considering	Easter,	from	Thursday	13	to	Sunday	16	April	
















basic	 bike	 infrastructure.	 For	 greater	 accuracy,	 we	 edited	 the	 network	 and	 updated	 the	 bike	





First,	 the	 JSON	 track	points	were	 imported	as	GeoJSON	 files	 into	a	GIS	environment	using	Python	
programming	language	and	the	free	and	open	software	Mongo	DB.	Then,	we	exported	the	GeoJSON	
track	 points	 as	 Geodatabase	 point	 feature	 classes	 using	 the	 free	 and	 open	 software	 QGIS,	 and	
subsequently	generated	the	GPS	track	lines	by	joining	the	track	points.	We	eventually	map-matched	
the	GPS	track	lines	to	the	detailed	street	network	previously	described,	obtaining	what	we	call	the	













































experience	 and,	 in	 consequence,	may	 be	more	 confident	 and	 able	 to	 circulate	 at	 a	 higher	 speed,	
considering	 that	most	of	 these	occasional	users	are	 tourists,	 the	most	probable	 reason	 for	 such	a	



















Target	routes	 Av.	Speed	(kph)	 	Distance	(m)	 Av.	Time	(sec)	 Av.	Time	(min)	 Count	
Total	routes	 14.06	 3,104	 1,028	 17.13	 226,253	
Type	user	1	(Frequent	user)	 14.29	 3,011	 954	 15.90	 212,012	
Type	user	2	(Occasional	user)	 8.59	 5,518	 2,910	 48.49	 4,279	
Weekday	routes	 14.35	 2,993	 948	 15.79	 158,246	
Weekend	routes	 13.44	 3,256	 1,161	 19.34	 49,700	
Eastern	routes	 13.24	 3,652	 1,363	 22.71	 18,307	
Weekday	Frequent	users	 14.51	 2,935	 898	 14.96	 150,246	
Eastern	Occasional	users	 8.81	 5,940	 2,943	 49.05	 1,773	
Weekends	occasional	users	 8.55	 5,641	 2,998	 49.97	 1,056	
Weekends	frequent	users	 13.76	 3,120	 1,054	 17.57	 45,232	
Basic	route	statistics	of	frequent	users	during	weekdays	over	the	course	of	the	day	
7-10h	 15.71	 2,962	 829	 13.82	 28,002	
10-13h	 13.20	 3,280	 1,206	 20.09	 25,354	
13-16h	 13.78	 3,167	 1,075	 17.92	 41,246	
16-19h	 13.70	 3,305	 1,134	 18.89	 46,341	
19-22h	 13.50	 3,049	 1,026	 17.10	 47,694	
22-01h	 14.62	 2,833	 874	 14.56	 27,124	

















distances	 are	 different	 (especially	 between	 frequent	 vs.	 occasional	 users),	 we	 observe	 a	 similar	
pattern	 for	all	of	 them,	with	 the	highest	percentage	of	 trips	always	close	to	a	2	km.	distance.	The	
distribution	is	asymetric,	with	a	 low	percentage	of	trips	under	1km	distance	(less	than	a	8%	of	the	
total	 trips),	 a	 distance	 that	 could	 by	 reached	 by	 walking	 in	 approximatelly	 less	 than	 15	minutes,	


















































as	well	as	 to	compare	 these	average	distances	 to	 the	one	of	casual	cyclists,	who	do	not	have	 this	
restriction.	This	question	will	be	address	in	the	next	section.		




respectively).	 Figure	 4.5	 reveals	 an	 important	 concentration	 of	 users	 between	 27-40	 years	 old,	


































































































connections,	 explaining	 the	 important	 activity	 of	 some	 stations	 close	 to	 transport	 hubs	 (such	 as	
Atocha	or	Moncloa),	illustrated	by	the	Main	Map.	Weekends	and	Eastern	days’	activity	perform	in	a	




To	what	extent	BiciMAD	activity	 correspond	 to	 the	general	 travel	patterns	of	Madrid?	 In	order	 to	
respond	this	question,	we	have	compared	the	number	of	BiciMAD	trips	per	hour	to	the	number	of	
total	 trips	 per	 hour	 that	 correspond	 to	 all	 transport	modes	 according	 to	 the	 last	Mobility	 Survey	
conducted	in	Madrid	(Consorcio	Regional	de	Tranpsortes	de	la	Comunidad	de	Madrid,	2014).	In	order	









































































































































































































































































































































4.3.2 Results	 on	 BiciMAD	 cycling	 flow	 distribution	 across	 the	 urban	
network	
	Although	the	main	map	visualises	distribution	of	the	cycling	flow	from	BiciMAD	activity	across	the	



























































If	 we	 analyse	 in	 detail	 Figure	 4.10,	 we	 can	 see	 that	 while	 the	 percentage	 of	 road	 bike	 lanes	
(Ciclocarriles)	 is	 higher	 than	 the	 one	 of	 segregated	 bike	 lanes	 (Vías	 ciclistas)	 for	 street	 network	
segments	with	low	cycling	flow,	this	is	not	the	case	when	considering	street	networks	with	an	average	
cycling	flow	per	day	over	80.	In	order	to	provide	a	deeper	insight	into	this	flipping	trend,	we	produced	
a	 graph	 (Figure	 4.11)	 illustrating	 the	 percentage	 of	 cycling	 flow	 along	 streets	 with	 cycling	
infrastrucuture,	 again	 making	 the	 distinction	 between	 streets	 with	 segregated	 bike	 lanes	 (Vías	
ciclistas)	and	the	ones	where	road	bike	lanes	—non-segregated	from	traffic—	(Ciclocarriles).	










to	compare	 the	“attractiveness”	of	 this	 infrastructure	 to	 the	one	of	 road	bike	 lanes	 (Ciclocarriles),	
which	support	approximately	the	22%	of	the	street	segments	with	the	same	level	of	cycling	flow	(a	
33%	 less	 that	 the	 segregated	 bike	 lanes),	 with	 the	 11.74%	 of	 the	 street	 network	 segments	
corresponding	to	this	cycling	infrastructure	(also	around	a	33%	less	that	the	segregated	bike	lanes).	In	





















































Total	street	network	 1,422,243	 100.00%	 32,360	 100.00%	
With	cycling	infrastructure	 328,010	 23.06%	 8,653	 26.74%	
With	segregated	bike	lines	 191,609	 13.47%	 5,658	 17.48%	
























a	 weekday,	 rather	 than	 by	 solely	 representing	 the	 cycling	 flow	 on	 weekends.	 By	 doing	 so,	 the	
difference	between	both	scenarios	becomes	much	clearer.	In	this	case,	yellow	lines	represent	positive	
values;	in	other	words,	street	segments	where	there	is	a	greater	cycling	flow	over	the	weekends	than	
on	 weekdays.	 The	 rest	 of	 the	 colours	 represent	 negative	 values	 (streets	 with	 less	 activity	 during	









Other	 areas	 show	 a	 radical	 decrease	 in	 activity	 (the	 ones	 in	 dark	 blue),	 such	 as	 the	 Paseo	 de	 la	





time	 well,	 in	 terms	 of	 cycling	 flow,	 and	 this	 may	 constitute	 a	 valuable	 tool	 when	 defining	 the	
increasingly-common	different	cycling	policies	and	measures	that	many	cities	are	adopting	temporally	




















average	 speed,	 and	 waypoints	 -	 locations	 where	 a	 bike	 is	 at	 a	 specific	 time	 point.	 An	 internal	
clocks	 updates,	 and	 the	 code	 displays	 all	 data	 points	 the	 bike	 has	 visited	 since	 the	 last	 frame.	 In	
between	frames,	a	partially	transparent	version	of	the	underlying	map	is	redrawn,	meaning	that	the	
location	of	points	in	previous	timestamps	remains	partially	visible,	creating	the	illusion	of	a	continuous	
path.	 By	 decreasing	 transparency	 (increasing	 alpha	 value),	 those	 previous	 values	 become	 more	






Estimation	and	visualisation	of	 the	cycling	 flow	derived	 from	Bike	Share	Systems	across	 the	street	
networks	is	crucial	in	order	to	have	an	overall	understanding	of	the	current	use	of	BSS	across	the	city,	
beyond	the	station	level,	and,	in	consequence,	in	order	to	promote	efficient	policies	and	infrastructure	
for	 the	 improvement	 of	 cycling	 mobility.	 This	 research	 answers	 the	 questions	 raised	 in	 the	
introduction	section:	how	is	BSS	cycling	flow	distributed	across	the	street	network	of	cities?	What	are	









of	users	provides	 important	 information	 in	 terms	of	 the	use	of	 the	system	and	 the	distribution	of	


























































The	 understanding	 of	 urban	 cyclist	 behaviour	 is	 crucial	 to	 planning	 and	 designing	 optimal	 bike	
infrastructures	and	promoting	efficient	policies	aimed	at	fostering	cycling	as	a	sustainable	mode	of	
transport	in	cities.	Cyclist	behaviour	is	complex	and	not	easily	predictable	because	it’s	influenced	by	a	








































Madrid	 Cycle	 Track	 (originally	Huella	 Ciclista	 de	Madrid,	 in	 Spanish)	 launched	 in	 June	 2013	 in	 the	







The	available	 information	on	Madrid	bike	mobility	was	 limited	 to	 the	Transport	Household	Survey	






The	 initiative	 was	 launched	 through	 an	 online	 platform	 (Figure	 5.1),	 available	 at	




Twitter)	 and	 a	 promotional	 video	 was	 also	 created	 in	 order	 to	 present	 the	 initiative	 in	 a	 more	

























the	 gathering	 process	 let	 cyclist	 to	 upload	 GPS	 that	 they	 collected	 through	 other	 GPS	 apps.	 The	
number	of	cyclists	participating	through	this	option	was	not	very	high,	but	was	easily	implemented	
and	provided	some	extra	GPS	tracks.	Finally,	in	order	to	open	the	initiative	to	people	not	owning	a	
smartphone	 or	 not	 willing	 to	 use	 the	 app	 for	 whatever	 reason,	 a	 participative	 online	 map	 was	
























different	 online	maps	 that	 represented	 the	 evolution	 and	 the	 growth	of	 the	 track	 over	 time.	 The	
representation	of	all	the	routes	together	through	online	maps	let	the	possibility	of	exploring	the	city,	
visualizing	the	streets	with	highest	levels	of	cyclist	flow	according,	for	example,	or	relating	routes	to	
journey	 purpose.	 However,	 providing	 appealing	 feedback	 to	 the	 volunteers	 that	 altruistically	
participated	on	the	initiative	was	a	goal	in	itself.	They	could	not	only	visualise	the	collective	track	but	







































































































Commuting	 31.11	 42.19	 15.75	 24.52	 5,889	
Leisure	 17.17	 23.28	 15.29	 23.94	 5,705	
Sport	 5.72	 7.76	 15.87	 80.81	 21,002	
Shopping	 6.30	 8.55	 13.92	 22.29	 5,648	
Errands	 5.51	 7.47	 15.18	 17.07	 4,231	
Study	 7.93	 10.76	 15.07	 21.12	 5,201	
Unknown	 26.26	 	-	 14.21	 28.30	 6,638	











A	more	detailed	 insight	 into	 cycling	 routes	 according	 to	 travel	distance	allow	us	 to	uncover	 some	
important	travel	patterns,	such	as	the	important	imbalance	when	considering	gender,	as	Figure	5.9	
shows,	 representing	 the	 percentage	 of	 commuting	 trips	 according	 to	 distance	 and	 gender.	 The	
average	 travel	 distance	 is	 6.267	m	 and	 4,535	m	 for	males	 and	 females	 respectively,	 figures	 that	

































significant	 barriers	 to	 cycling,	 especially	 for	 non-cyclists	 considering	 adopting	 cycling	 (Monzon	 de	




Bike	 messengers’	 routes	 were	 collected	 from	 November	 2013	 to	 September	 2014,	 though	 the	
companies	 participated	 in	 different	 moments	 throughout	 this	 period	 of	 time.	 2,052	 routes	 were	
gathered	 from	 four	different	 companies,	 providing	10,777	 cycled	 kilometres.	 The	 total	 number	of	
cyclists	participating	in	the	initiative	was	23.	After	a	cleaning	process,	some	routes	were	discard	(due	


























are	more	 used	 and	 less	 afraid	 of	 coping	with	 vehicles.	 The	 video	 visualisation	 also	 evidences	 the	
different	 flow	 patterns	 over	 the	 course	 of	 the	 day,	 almost	 complementary.	 Casual	 cyclists’	
performance	shows	the	classical	two	peaks,	early	in	the	morning	and	then	in	the	evening,	and	bike	
messengers’	activity	is	more	distributed	throughout	the	morning	and	afternoon.	
Finally,	 the	 analysis	 of	 the	 data	 derived	 from	 the	 GPS	 tracks	 revealed	 some	 interesting	 and	 also	
unexpected	findings	on	bike	messengers’	behaviour.	Though	it	is	not	the	objective	of	this	research	to	





















Normal	bike	 1,553	 19.6	 95.8	 30.49	 5,245	
Bullit	bike	 131	 19.7	 63.7	 11.26	 3,061	
Cargo	trike		 37	 11.4	 134.1	 14.85	 2,494	



























0-1,000 1,000-2,000 2,000-3,000 3,000-4,000 4,000-5,000 5,000-6,000 6,000-7,000 7,000-8,000 8,000-9,000
Distance	(m)
Figure	5.11:	Percentage	of	bike	messengers'	trips	according	to	distance	







0-1,000 1,000-2,000 2,000-3,000 3,000-4,000 4,000-5,000 5,000-6,000 6,000-7,000 7,000-8,000 8,000-9,000
Distance	(m)
Figure	5.12:	Bike	messengers'	accumulatd	trips	according	to	distance	












5.14	 provides	 a	 complementary	 graph	 by	 representing	 cyclists’	 accumulated	 trips	 according	 to	
distance.	





































2,935	 (see	 Table	 5.3),	 and	 the	 highest	 percentage	 of	 trips	 correspond	 to	 the	 ones	 that	 are	
approximately	2	km	length	(Figure	5.13),	although	in	this	case	the	graph	goes	down	more	dramatically,	
with	just	a	10%	of	trips	over	5	km	length	(Figure	5.14).	Although	a	recent	study	conducted	by	Castillo-






In	 addition	 to	 analysing	 the	 different	 groups	 of	 cyclists	 considered	 in	 thesis	 according	 to	 travel	
distance,	 we	 have	 analysed	 these	 groups’	 cycling	 operating	 speeds,	 obtaining	 some	 remarkable	
findings.		


















one	of	casual	cyclists	considering	sport	as	the	purpose	of	 the	 journey	(15.87	kph),	a	 fact	 that	may	
result	unexpected.	However,	 it	 is	 important	 to	 take	 into	account	 that	 the	extension	 that	we	have	



















Commuting	 15.75	 24.52	 5,889	
Leisure	 15.29	 23.94	 5,705	
Sport	 15.87	 80.81	 21,002	
Shopping	 13.92	 22.29	 5,648	
Errands	 15.18	 17.07	 4,231	
Study	 15.07	 21.12	 5,201	
Average	regardless	purpose		 15.03	 31.64	 7,947	
Bike	messengers'	routes		according	to	the	type	of	bike	used	
Normal	bike	 19.60	 30.49	 5,245	
Bullit	bike	 19.70	 11.26	 3,061	
Cargo	trike		 11.40	 14.85	 2,494	
BiciMAD	users'	routes	according	to	different	periods	of	time	and	type	of	users	
Type	user	1	(Frequent	user)	 14.29	 15.90	 3,011	
Type	user	2	(Occasional	user)	 8.59	 48.49	 5,518	
Weekday	routes	 14.35	 15.79	 2,993	
Weekend	routes	 13.44	 19.34	 3,256	
Easter	routes	 13.24	 22.71	 3,652	
Weekday	Frequent	users	 14.51	 14.96	 2,935	
Eastern	Occasional	users	 8.81	 49.05	 5,940	
Weekends	occasional	users	 8.55	 49.97	 5,641	
Weekends	frequent	users	 13.76	 17.57	 3,120	
BiciMAD	route	statistics	of	frequent	users	during	weekdays	over	the	course	of	the	day	
7-10h	 15.71	 13.82	 2,962	
10-13h	 13.20	 20.09	 3,280	
13-16h	 13.78	 17.92	 3,167	
16-19h	 13.70	 18.89	 3,305	
19-22h	 13.50	 17.10	 3,049	
22-01h	 14.62	 14.56	 2,833	
01-07h	 15.53	 14.74	 2,874	
	 	 	 	









time.	 All	 the	 online	maps	 have	 been	 designed	 using	 the	ArcGIS	 Online	 platform.	 They	 are	 finally	
embedded	 in	 different	 pages	 of	 the	website	 (a	WordPress	 blog)	 using	 iframes.	 In	 order	 to	 better	



















































A	 second	map	 zooms	 into	 a	 central	 urban	 area,	 showing	 in	 detail	 the	diverse	 level	 of	 cyclist	 flow	














The	maps	 represent	 the	 routes	 collected	 from	 the	 GPS	 tracks	 and	 the	 routes	 designed	 by	 cyclist	

















through	 the	 initiative	 Huella	 Ciclista	 de	Madrid	 (Madrid	 Cycle	 Track).	 The	 initiative	was	 launched	




















The	 online	 visualisation	 animates	 the	 activity	 of	 both	 casual	 users	 and	 bike	 messengers,	 shown	
according	to	time	of	day,	but	collapsed	from	multiple	days	(including	several	journeys	by	some	users)	














































affected	 by	 planning	 changes	 to	 directly	 contribute	 to	 those	 processes.	Madrid	 Cycle	 Tracks	 has	
demonstrated	new	ways	to	engage	community	stakeholders	as	active	citizen	scientists	in	helping	to	
















































This	 section	 is	based	on	 the	 research	synthesized	 in	 the	paper	 titled	“Cyclists	do	better.	Analyzing	
urban	 cycling	 operating	 speeds	 and	 accessibility”,	 submitted	 to	 the	 International	 Journal	 of	
Sustainable	Transportation	in	October	2017,	accepted,	and	currently	under	review.	
6.1 Introduction	and	background	




techniques	 (Kroes	&	 Sheldon,	 1988;	 Ortúzar	 et	 al.,	 2000),	 Revealed	 Preference	methods	 that,	 for	







routes	 collected	 by	 some	 app	 companies	 widely	 used	 by	 cyclists,	 Strava	 perhaps	 being	 the	most	
remarkable	 one.	 However,	 although	 the	 volume	 of	 data	 that	 these	 companies	 make	 available	








to	 socio-demographic	profiles	or	 to	different	 characteristics	of	 the	network.	Thus,	 there	are	 some	
important	cycling	aspects	or	dynamics	that	have	not	been	properly	explored.	




for	 the	 study	of	 key	 aspects	 of	 cycling	mobility,	 such	 as	 the	 estimation	of	 travel	 times	—	already	
studied	by	Salonen	&	Toivonen	(2013)	—	and	the	potentially	derived	accessibility	analyses,	the	study	












roads	 and	 in	 segregated	 bike	 lanes,	 resulting	 in	 13.9kph	 and	 18.2,	 respectively.	 Cherry	 (2007)	
conducted	an	exhaustive	 research	on	electric	bike	mobility	 in	Chinese	cities,	 reporting	a	 free-flow	
speed	of	18.2kph,	significantly	higher	than	the	13.0khp	that	corresponded	to	classic	bikes.	Just	one	
year	later,	Lin,	He,	Tan,	&	He	(2008)	went	one	step	further	and	analysed	the	operating	speeds	of	552	
e-bicycle	 riders	and	232	bicycle	 riders	 in	 the	city	of	Kunming,	China,	according	 to	age	and	gender.	






speed,	 relatively	 improved	 by	 automated	 video	 analysis	 techniques,	 have	 been	 applied	 (Kassim,	
Pascoe,	Ismail,	El	Halim,	&	El	Halim,	2012),	but	with	a	limited	sample	in	terms	of	locations.		










This	 research	 pursues	 two	main	 goals:	 the	 first	 one	 is	 to	 perform	 a	 detailed	 analysis	 of	 cyclists’	
operating	speeds	according	to	a	wide	range	of	factors,	and	the	second	one	is	to	conduct	a	comparative	








volunteers’	 information	 as	 well,	 cyclists’	 speed	 is	 also	 analysed	 according	 to	 age	 and	 gender,	 in	
addition	to	the	purpose	of	the	journey.		
















































with	e-bikes,	 since	 the	 sample	obtained	was	very	poor.	 In	addition,	 four	different	bike	messenger	
















speed	 (Figure	 6.2)	 evidences	 the	 impact	 that	 different	 factors	 have	 on	 it.	 For	 instance,	 the	 figure	












speeds,	 the	 routes	 collected	 were	 fed	 with	 data	 from	 different	 sources.	 All	 the	 datasets	 were	
integrated	in	a	Geographic	Information	Systems	(GIS)	environment.	
First,	the	GPS	track	lines	were	map-matched	to	a	detailed	street	network	based	on	the	March	2013	
version	 of	 TomTom®	 for	 the	 Spanish	 road	 network.	 The	 TomTom®	 network	 is	 actually	 the	 most	
accurate	street	network	found	in	Madrid,	contemplating	not	only	roads	but	also	pedestrian	streets	









segment	 and	 according	 to	 different	 time	 frames	 (average	 real	 speed	 on	 weekdays,	 during	 the	
weekend,	on	weekdays	during	rush	hour,	etc.).	
After	 this,	 the	 TomTom®	 street	 network	 was	 edited	 and	 completed	 with	 relevant	 information	
obtained	from	other	local	data	sources.	Slopes	were	calculated	for	each	street	segment	by	calculating	
the	elevation	for	each	node	of	the	street	segments	from	a	high	resolution	Digital	Elevation	Model	(cell	

























The	 commonly	 known	map-matching	 process	 has	 been	 tackled	 by	 researchers	 following	 different	
procedures,	described	and	classified	by	Schuessler	&	Axhausen	 (2009),	who	also	 implemented	the	
advanced	 map-matching	 algorithm	 used	 by	 Hood	 et	 al.	 (2011)	 when	 analysing	 the	 cycle	 tracks	
collected	in	San	Francisco.	The	results	obtained	revealed	the	complexity	of	the	problem:	only	1,454	
out	of	the	2,282	original	traces	were	matched	to	the	network,	and	still	some	of	them	could	contain	






researchers	 to	 check	 each	 route	 and	 manually	 correct	 the	 errors	 	 (Snizek,	 Sick	 Nielsen,	 &	 Skov-
Petersen,	 2013).	Much	better	map-matching	 results	 are	 obtained	when	 combining	 geometric	 and	
topological	 procedures,	 since	 they	 “consider	 the	 connectivity	 of	 the	 network	 in	 assessing	 the	





For	 this	 study,	 based	 on	 the	map-matching	 algorithm	 created	 by	 Dalumpines	 &	 Scott	 (2011),	 we	
developed	 a	 new	 version	 that	 improves	 an	 aspect	 relevant	 to	 the	 purpose	 of	 our	 research.	 The	
procedure	basically	creates	a	buffer	around	the	GPS	track-line	that	constrains	the	estimation	of	the	
shortest	path	between	the	origin	and	the	destination,	by	using	Dijkstra’s	algorithm	(see	Figure	6.3).	In	
this	process,	 the	definition	of	 the	buffer	distances	determines	 the	 results:	 a	buffer	 too	 small	may	
prevent	the	matching	of	many	routes,	while	a	buffer	too	wide	may	 lead	to	 inaccurate	or	 incorrect	
routes.	After	a	sensibility	analysis,	Dalumpines	and	Scott	concluded	that	with	buffer	distances	below	

































avoid	 errors	 when	 estimating	 speed	 (since	 the	 GPS	 collects	 points	 every	 2	 seconds,	 the	 speed	









































However,	 as	 we	 observed	 in	 the	 introduction	 section,	 most	 of	 these	 studies	 presented	 some	
limitations,	in	terms	of	either	the	methodology	followed	or	the	sample	on	which	the	analysis	is	based.	
In	addition,	some	important	factors	are	missing	and,	in	any	case,	the	study	of	a	wide	range	of	factors	
simultaneously	had	not	yet	been	carried	out.	The	 information	collected	 through	 the	Madrid	Cycle	
Track	initiative	provided	a	good	opportunity	to	conduct	a	more	complete	analysis	including	the	factors	


































































































of	 them,	the	categorical	values	of	some	variables	 (gender,	purpose	of	the	 journey,	 type	of	road	 in	
terms	of	bike	infrastructure	and	type	of	bike	and	weather)	have	been	introduced	as	dummies.	
The	first	OLS	regression	model	estimates	an	average	cycling	speed	for	each	street-network	segment	



















explanatory	 variables,	 the	 ones	 introduced	 in	 the	 first	model,	 as	well	 as	 type	 of	 bicycle,	weather	
conditions	 and	 —again—	 total	 trip	 time,	 total	 trip	 distance,	 net	 increase	 altitude,	 accumulated	
increase	altitude,	maximum	traffic	speed	and	average	traffic	speed.		
Because	the	traffic	speed	variables	were	important	but	not	present	in	all	the	network	segments,	the	




















6.3.4 Estimation	 of	 cyclists’	 accessibility	 and	 comparison	 to	 other	
transport	modes	
As	an	application	case	for	the	obtained	results,	we	decided	to	apply	the	models	in	order	to	perform	a	








For	 instance,	 Cycling	 Accessibility	 Index	 (CAI)	 recently	 proposed	 by	 Saghapour,	 Moridpour	 and	
Thompson	(2017),	assign	accessibility	levels	in	statistical	areas	by	estimating	a	cost	based	on	the	land	
use	and	number	of	activities	taking	place	at	these	areas.	Our	goal	was	not	to	estimate	a	new	cost	but	
































ArcMap	 Network	 Analyst	 toolbox.	 The	 results	 are	 illustrated	 in	 Figure	 6.4.	 The	 obtained	 average	
distance	was	303	metres,	and	 the	corresponding	average	 time	was	242	seconds	 (4	minutes	and	2	





























Car	 speed	 and	 travel	 times	 were	 taken	 from	 the	 TomTom®	 dataset	 (TomTom®	 Speed	 profiles),	
selecting	average	weekday	morning	speed	values	at	8h,	which	provides	an	accurate	approach	coming	
from	 the	 historical	 records.	 Although	 the	 average	 walking	 distances	 considered	 are	 difficult	 to	
estimate	since	they	may	greatly	vary	for	each	city,	for	this	study,	we	have	considered	the	180	distance	
per	walk	established	by	(Kurri	&	Laakso,	2002),	which,	at	a	pace	of	4.5	kph,	 leads	to	a	288-second	
travel	 time	 considering	 both	 walks.	 When	 it	 comes	 to	 the	 time	 spent	 looking	 for	 parking,	 we	
considered	the	average	estimated	in	the	case	of	Madrid	by	an	study	conducted	in	the	city	(Europa	













in	 traffic	 speed	 leads	 to	an	 increase	of	3kph	 in	cyclists’	 speed	on	average).	Other	variables	have	a	



















network	and	other	properties	 related	to	 the	 trip	or	 the	cyclist	and,	considering	more	 information,	
provides	a	more	accurate	speed	estimation.	The	results	are	shown	in	Table	6.3.	The	sub-model	2.1	
shows	 the	 significant	 different	 cycling	 speeds	 according	 to	 gender,	 females’	 speed	 being	 2.64kph	
lower	that	males’.	Although	age	has	a	negative	influence,	its	impact	is	not	so	important.	The	purpose	
of	 the	 journey	 is	 also	 a	 key	 variable,	 with	 some	 particular	 purposes	 having	 a	 significant	 impact	
compared	to	the	one	considered	by	default	in	the	models	(working).	Cyclists’	speed	when	traveling	
for	 shopping,	 leisure	or	 errands	 is	 lower	 and	higher	when	 sport	 is	 the	purpose.	 The	 Journey	 total	
duration	 and	 the	 Journey	 total	 elevation	 gain	 have	 also	 a	 negative	 impact.	 The	 influence	 of	 the	
variables	related	to	the	street-network	properties	are	similar	 to	those	obtained	 in	 the	 first	model,	
with	 Slope,	 Street	 Intersections/km,	 Traffic	 Lights/km	 and	 Real	 Average	 Traffic	 Speed	 having	 the	
greatest	impact.		
The	 sub-model	2.2	 (applied	 to	 roads	without	motor	 traffic)	 reveals	 some	 interesting	 changes.	The	
impact	of	gender	is	reduced	significantly,	so	the	presence	of	traffic	affects	females	more	than	males.	
The	 influence	 of	 the	 different	 purpose	 of	 the	 journey	 are	 also	 reduced	 and	 even	 not	 any	 more	
significant	in	some	cases	(sport).	The	variables	related	to	the	street-network	properties	affects	in	a	
similar	way	as	for	the	1.2	sub-model.	




(weather)	 or	 the	 type	 of	 bicycle.	 The	 results	 are	 shown	 in	 Table	 6.4.	 The	 data	 show	 that	 bike	
































Independent	variables	 Coefficient	 Std.	Error	 Robust_t	 Robust_Prob	
Intercept	 13.896526	 0.143329	 99.5122	 0,000000*	
Street	Intersections	/	km	 -0.110078	 2.302086	 -50.3755	 0,000000*	
Slope	(percent	rise)	 -0.614379	 0.011783	 -48.8691	 0,000000*	
Real	Average	Traffic	Speed	(kph)	 0.149815	 0.003918	 35.8919	 0,000000*	
Traffic	Lights	/	km	 -0.038570	 3.241606	 -11.9528	 0,000000*	
Bike	lane	on	the	sidewalk	*	 -0.764160	 0.111472	 -7.3131	 0,000000*	
Max.	Traffic	Speed	(kph)	 0.023694	 0.003173	 7.1872	 0,000000*	
Non-segregated	bike	lane	 1.087164	 0.178602	 6.4770	 0,000000*	
Segregated	bike	lane	in	parks	with		a	
minimum	adapted	surface	 2.577820	 0.784055	 2.0559	 0,039795*	
Segregated	bike	lane	in	parks	without	
adapted	surface	 -	 -	 -	 -	
Segregated	bike	lane	in	parks	with	adapted	
surface.	 -	 -	 -	 -	
Adjusted	R-Squared:	 0.430794	 	   
Number	of	explanatory	variables:	 8	 	   
Number	of	Observations:	 14,144	 		 		 		
Joint	F-Statistic:	 1071.387062	 	   
Prob(>chi-squared):	 (8)	degrees	of	freedom:	0.000000*	
Sub	model	1.2	(roads	without	motor	traffic)	
Independent	variables	 Coefficient	 Std.	Error	 Robust_t	 Robust_Prob	
Intercept	 14.946825	 0.288699	 49.6819	 0,000000*	
Street	Intersections	/	km	 -0.058972	 3.768646	 -15.5466	 0,000000*	
Slope	(percent	rise)	 -0.727377	 0.024195	 -27.9843	 0,000000*	
Real	Average	Traffic	Speed	(kph)	 -	 -	 -	 -	
Traffic	Lights	/	km	 -0.084582	 6.742596	 -12.2231	 0,000000*	
Bike	lane	on	the	sidewalk	*	 1.413114	 0.273998	 4.96793	 0,000001*	
Max.	Traffic	Speed	(kph)	 -	 -	 -	 -	
Non-segregated	bike	lane	 6.118493	 0.918732	 6.5874	 0,000000*	
Segregated	bike	lane	in	parks	with		a	
minimum	adapted	surface	 2.653539	 0.283496	 8.7532	 0,000000*	
Segregated	bike	lane	in	parks	without	
adapted	surface	 2.232850	 0.269059	 7.8334	 0,000000*	
Segregated	bike	lane	in	parks	with	adapted	
surface.	 4.766114	 1.778681	 2.4405	 0,014707*	
Adjusted	R-Squared:	 0.38055	 	   
Number	of	explanatory	variables:	 8	 	   
Number	of	Observations:	 3,325	 		 		 		















Independent	variables	 Coefficient	 Std.	Error	 Robust_t	 Robust_Prob	
Intercept	 16.125669	 0.209471	 75.8568	 0,000000*	
Slope	(percent	rise)	 -0.640976	 0.010899	 -55.1229	 0,000000*	
Street	Intersections	/	km	 -0.103477	 2.113076	 -50.5520	 0,000000*	
Real	Average	Traffic	Speed	(kph)	 0.150352	 0.003632	 39.2280	 0,000000*	
Female	**	 -2.646586	 0.104986	 -25.6895	 0,000000*	
Traffic	Lights	/	km	 -0.035146	 2.956057	 -11.5618	 0,000000*	
Bike	lane	on	the	sidewalk	**	 -1.065185	 0.106452	 -10.7998	 0,000000*	
Shopping	(Purpose	of	the	journey)	**	 -1.194894	 0.141346	 -8.6254	 0,000000*	
Leisure	(Purpose	of	the	journey)	 -0.712665	 0.082558	 -8.4998	 0,000000*	
Age	 -0.031367	 0.004139	 -7.5427	 0,000000*	
Journey	accumulated	elevation	gain	 -0.000615	 0.000092	 -6.3306	 0,000000*	
Non-segregated	bike	lane	 0.781634	 0.163407	 5.2324	 0,000000*	
Sport	(Purpose	of	the	journey)	 0.705940	 0.134400	 5.1844	 0,000000*	
Max.	Traffic	Speed	(kph)	 0.013483	 0.002956	 4.4226	 0,000013*	
Journey	total	duration	(minutes)	 -0.009422	 0.001116	 -3.7263	 0,000208*	
Errands	(Purpose	of	the	journey)	 -0.425247	 0.154442	 -2.4794	 0,013160*	
Segregated	bike	lane	in	parks	or	countryside	without	
adapted	surface	 1.729533	 0.754446	 1.7943	 0.0728	
Adjusted	R-Squared:	 0.507344	 	   
Number	of	explanatory	variables	and	observations:	 16	 13,195	 	  
Joint	F-Statistic:	 648.016818	 	   
Prob(>chi-squared):	 (16)	degrees	of	freedom:	0.000000*	
Sub	model	2.2	(roads	without	motor	traffic)	
Independent	variables	 Coefficient	 Std.	Error	 Robust_t	 Robust_Prob	
Intercept	 16.324385	 0.368436	 41.6686	 0,000000*	
Slope	(percent	rise)	 -0.733187	 0.021270	 -30.9484	 0,000000*	
Street	Intersections	/	km	 -0.050306	 3.330511	 -14.4269	 0,000000*	
Female	**	 -1.934628	 0.175829	 -11.5843	 0,000000*	
Traffic	Lights	/	km	 -0.080122	 5.982404	 -13.1951	 0,000000*	
Bike	lane	on	the	sidewalk	**	 1.267616	 0.239712	 4.9765	 0,000001*	
Shopping	(Purpose	of	the	journey)	**	 -0.812899	 0.137930	 -6.1796	 0,000000*	
Leisure	(Purpose	of	the	journey)	 -0.416404	 0.132091	 -3.0737	 0,002146*	
Age	 -0.033771	 0.007809	 -4.1050	 0,000048*	
Journey	accumulated	elevation	gain	 -0.000706	 0.000174	 -3.6613	 0,000269*	
Non-segregated	bike	lane	 5.024177	 0.796331	 6.0131	 0,000000*	
Journey	total	duration	(minutes)	 -0.090122	 0.004656	 -14.1447	 0,000000*	
Errands	(Purpose	of	the	journey)	 -0.617354	 0.234837	 -2.4956	 0,012614*	
Segregated	bike	lane	in	parks	or	countryside	without	
adapted	surface	 1.777535	 0.240033	 6.8491	 0,000000*	
Segregated	bike	lane	in	parks	with	a	minimum	adapted	
surface	 1.741134	 0.255245	 6.3931	 0,000000*	
Study	(Purpose	of	the	journey)	 -0.499587	 0.187293	 -2.6999	 0,006970*	
Journey	total	Elevation	gain	 -0.001159	 0.000464	 -2.3155	 0,020634*	
Adjusted	R-Squared:	 0.508577	 	   
Number	of	explanatory	variables	and	observations:	 16	 3,145	 	  
Joint	F-Statistic:	 172.24974	 	   
Prob(>chi-squared):	 (16)	degrees	of	freedom:	0.000000*	
	*	An	asterisk	next	to	a	number	indicates	a	statistically	significant	p-value	(p	<	











Independent	variables	 Coefficient	 Std.	Error	 Robust_t	 Robust_Prob	
Intercept	 18.690917	 0.493495	 38.1979	 0,000000*	
Slope	(percent	rise)	 -0.809405	 0.042253	 -18.9618	 0,000000*	
Street	Intersections	/	km	 -0.204808	 11.385619	 -18.8879	 0,000000*	
Real	Average	Traffic	Speed	 0.174849	 0.012174	 13.8727	 0,000000*	
Cargo	Trike	(Type	of	bike)	*	 -6.951373	 0.625673	 -13.3828	 0,000000*	
Journey	accumulated	elevation	gain	 -0.008695	 0.001478	 -5.9054	 0,000000*	
Journey	total	distance	(m)	 -0.000141	 0.000034	 -4.0109	 0,000070*	
Cloudy	(weather	conditions)	*	 -0.813709	 0.224755	 -3.5540	 0,000403*	
Journey	total	duration	(minutes)	 -0.002584	 0.000967	 -3.2045	 0,001389*	
No	infrastructure	but	cycling	preference	and	speed	reduction	*	 -0.945501	 4.822533	 -3.0121	 0,002637*	
Rain		(weather	conditions)		 -1.632137	 0.628736	 -2.5375	 0,011228*	
Traffic	Lights	/	km	 0.021714	 16.053513	 1.1991	 0.2306	
Bike	lane	on	the	sidewalk	 -0.552554	 0.596600	 -0.9321	 0.3514	
Max.	Traffic	Speed		 0.010340	 0.010860	 0.9278	 0.3536	
Bike	lane	on	the	sidewalk	 0.323160	 1.293699	 0.2660	 0.7903	
Bullit	Bike	(Type	of	bike)	 0.126777	 0.450148	 0.2430	 0.8080	
Journey	total	Elevation	gain	(m)	 -0.000418	 0.001945	 -0.2288	 0.8191	
Adjusted	R-Squared:	 0.404826	 	   
Number	of	explanatory	variables	and	observations:	 16	 2092	 	  
Joint	F-Statistic:	 89.891309	 	   
Prob(>chi-squared):	 (16)	degrees	of	freedom:	0.000000*	
Sub	model	3.2	(roads	without	motor	traffic)	
Independent	variables	 Coefficient	 Std.	Error	 Robust_t	 Robust_Prob	
Intercept	 23.157555	 0.755333	 31.8712	 0,000000*	
Slope	(percent	rise)	 -0.771806	 0.086452	 -8.4907	 0,000000*	
Street	Intersections	/	km	 -0.101624	 17.422687	 -5.5983	 0,000000*	
Cargo	Trike	(Type	of	bike)	*	 -1.000872	 2.792684	 -2.6556	 0,008133*	
Journey	accumulated	elevation	gain	 -0.004022	 0.002648	 -1.5144	 0.1305	
Journey	total	distance	(m)	 -0.000594	 0.000062	 -8.5790	 0,000000*	
Cloudy	(weather	conditions)	*	 -0.638994	 0.255319	 -2.4774	 0,013511*	
Journey	total	duration	(minutes)	 -0.101541	 0.006720	 -14.0378	 0,000000*	
Rain		(weather	conditions)		 -1.512201	 1.082510	 -0.8941	 0.3716	
Traffic	Lights	/	km	 -0.246487	 36.921162	 -6.9825	 0,000000*	
Bike	lane	on	the	sidewalk	 -2.372282	 0.787919	 -2.9815	 0,002999*	
Bullit	Bike	(Type	of	bike)	 4.219074	 1.039736	 3.3325	 0,000931*	
Journey	total	Elevation	gain	(m)	 -0.000963	 0.002178	 -0.4652	 0.6420	
Segregated	bike	lane	in	parks	without	adapted	surface.	 -2.814815	 0.716738	 -4.0749	 0,000059*	
Segregated	bike	lane	in	parks	with	a	minimum	adapted	surface	 -2.345925	 1.091353	 -2.2275	 0,026287*	
Adjusted	R-Squared:	 0.523833	 	   
Number	of	explanatory	variables	and	observations:	 14	 586	 	  
Joint	F-Statistic:	 46.968672	 	   











In	order	 to	understand	 the	OLS	R-squared	 results,	 some	caveats	must	be	 taken	 into	account.	 The	
dependent	variable	that	we	are	modelling	is	cyclists’	speed	at	a	specific	route	segment,	and	the	R-
squared	‘modest’	values	obtained	can	be	explained	by	factors	of	a	different	nature.	First,	there	are	
aspects	 related	 to	 changing	 conditions	 on	 the	 street	 segments	 over	 time	 that	 dramatically	 affect	
cyclists’	speed.	Speed	at	a	specific	road	segment	will	be	completely	different	whether	cyclists	arrive	



















model	 (R2=0.83),	 which	 considers	 the	 street-network	 properties,	 and	 Figure	 6.5b	 shows	 the	



















In	 this	 section,	 we	 perform	 a	 comparative	 analysis	 of	 accessibility	 and	 competitiveness	 between	
different	transport	modes,	by	calculating	the	isochrones	that	correspond	to	a	range	of	travel	times	










Journey	duration	(minutes)	 5	 10	 15	 20	 25	
Walking	Area	Covered	 52.06	 161.22	 347.72	 587.06	 906.66	
BiciMAD	Area	Covered	 6.47	 371.91	 1,259.32	 2,286.72	 3,228.47	
Cycling	Area	Covered	 343.38	 1,283.03	 3,048.72	 5,396.81	 8,516.78	
Car	Area	Covered	 0.00	 0.00	 585.75	 4,229.03	 15,161.81	
Public	Transport	Area	Covered	 106.84	 741.97	 2,061.75	 4,635.63	 9,017.16	
	
























































































cyclist.	 Although	 this	 second	 model	 improves	 the	 travel	 time	 estimations,	 it	 also	 shows	 certain	
limitations	when	predicting	cyclists’	operating	speeds,	an	expected	result,	since	it	seems	reasonable	




the	 total)	 and,	 furthermore,	 they	also	 allow	us	 to	predict	 cyclists’	 travel	 times	 and	accessibility	 in	
future	scenarios,	given	certain	changes	in	the	network,	such	as	the	execution	of	new	infrastructure	or	
implementation	 policies,	 such	 as	 slowing	 down	 traffic	 speed.	 In	 consequence,	 the	models	 can	 be	
considered	as	tools	that	may	help	decision	makers	when	evaluating	future	scenarios.	
Finally,	 this	accurate	estimation	of	cyclists’	 travel	 times	also	allows	us	 to	conduct	 the	comparative	
analysis	of	accessibility,	and	evaluate	competitiveness	between	different	transport	modes.	The	results	
















cyclists	 should	be	also	 included	and	analysed.	 In	 this	case,	 it	 is	expected	 that	 the	different	 factors	











































7.1.1 Conclusions	 regarding	 the	 research	 specific	 questions	 and	
objectives	
Nine	 research	 questions	 to	 address	 were	 defined	 when	 this	 thesis	 research	 was	 planned.	 We	
described	 them	 in	 the	 Introduction	 section	 and,	 in	 addition,	 we	 defined	 a	 number	 of	 research	
objectives,	derived	from	and	related	to	these	research	questions.	The	aim	of	this	section	is	to	provide	
the	main	 conclusions	 that	 can	be	drawn	based	on	 the	 research	 conducted.	 These	 conclusions	are	
provided	next,	in	relation	to	each	specific	objective.		
RQ1. What	 is	 the	relevance	of	analysing	the	spatial	dimension	of	cycling	mobility	and,	more	specifically,	
cyclists’	routes	and	cycling	flow	across	the	city?		
Exploring	 cycling	 flow	across	 the	 city	 is	 crucial	 in	 order	 to	 understand	different	 aspects	 of	 cycling	








estimate	 the	potential	 distribution	of	 casual	 cyclists	 and	bike	messengers’	 cycling	 flow,	 as	we	will	







of	 factors	make	 the	 different	 types	 of	 infrastructure	more	 or	 less	 successful?	 The	 preference	 for	
segregated	bike	lanes	might	be	different	in	streets	with	high	level	of	motor	traffic	than	in	quite	urban	
























analyses	 and	 these	 models	 will	 be	 hopefully	 considered	 in	 order	 to	 define	 better	 policies	 and	
implement	more	efficient	infrastructure.	Also	the	data	collected	form	casual	cyclist	and	the	analyses	
derived	 from	 the,	 provide	 important	 information	 on	 the	 use	 bicycles	 for	 commuting	 to	work,	 for	
instance,	which	can	be	the	base	for	defining	future	policies	or	agreements	with	companies	in	order	to	
stimulate	this	mobility	and	plan	the	best	cycle	infrastructure	to	foster	it,	such	as	the	location	of	bike	
stations	 of	 bike	 parking.	 Finally,	 the	 analysis	 of	 cycling	mobility	 according	 to	 the	 different	 socio-







studies	have	analyses	 cycling	mobility,	we	know	very	 little	about	 the	way	 cyclists	move	around	 in	
cities.	 As	 we	 described	 in	 Section	 2,	 several	 studies	 were	 focussed	 on	 the	 study	 of	 the	 role	 of	
infrastructure	on	cycling	mobility	or	the	analysis	of	cycling	route	choice,	but	most	of	them	were	based	
on	 data	 obtained	 through	 counts	 or	 other	 dominant	 techniques	 such	 as	 Stated	 and	 Revealed	
Preference	methods.	As	described	in	the	review,	these	traditional	techniques	presented	remarkable	
limitations	 in	 terms	of	 	high	costs,	 small	 samples	and	spatial	 imprecision	 	 (Hood	et	al.,	2011),	and	
therefore,	 the	 understanding	 of	 the	 mentioned	 questions	 (the	 role	 of	 infrastructure	 on	 cycling	
mobility	or	the	analysis	of	cycling	route	choice)	presented	important	limitations	as	well.		
































the	 cycling	 flow	 distribution	 across	 the	 whole	 city	 network.	 Furthermore,	 the	 number	 of	 routes	
collected	 by	 the	 initiative	 is	 really	 low	 compared	 to	 the	 number	 of	 routes	 collected	 through	
commercial	apps	 such	as	Strava,	Wikiloc	or	Endomondo.	However,	 the	data	collected	 through	 the	
Huella	 Ciclista	 de	Madrid	 initiative	 is	 really	 valuable	 for	 certain	 research	 purposes.	 First,	 we	 can	
analyse	each	GPS	route	independently,	while	some	of	the	data	provided	by	certain	apps	correspond	





have	 it)	 by	 commercial	 apps	 companies,	 because	 of	 personal	 data	 protection	 reasons.	 This	





























de	Madrid	 sample.	 In	 consequence,	 the	 real	map-matched	 route	 lines	had	 to	be	estimated	as	 the	
shortest	path	between	the	track	points,	and	it	is	not	possible	to	perform	certain	analyses,	such	as	the	
detailed	 study	 of	 cyclists’	 operating	 speeds	 conducted	 in	 this	 thesis	 for	 casual	 cyclists	 and	 bike	
messengers,	based	on	the	Huella	Ciclista	de	Madrid	sample.	
We	 conclude	 then	 that	 every	 kind	 of	 dataset	 offers	 different	 research	 possibilities,	 and	 future	

































studying	 the	distribution	of	 cycling	 flow.	 To	what	extent	 cycling	 flow	 is	distributed	across	 the	 city	
network?	Is	the	obtained	cycling	flow	generally	distributed	or	concentrated	in	certain	urban	areas	or	
axes?	How	can	we	measure	this	level	of	concentration	so	that	we	can	monitor	the	evolution	over	time	
or	 compare	different	 cities?	With	 the	aim	of	 responding	 to	 these	questions,	we	defined	a	 second	
output,	a	graph	that	represents	the	percentage	of	street	network	segments	that	supported	different	
amounts	 of	 cycling	 flow	 (Figure	 4.10),	 revealing	 how	 concentrated	 cycling	 flow	 is	 in	Madrid,	 and	
offering	 the	possibility	of	comparing	 this	graph	to	 the	graph	of	other	case	studies	and	draw	some	
conclusions.	We	guess	 there	are	cities	with	high	cycling	 flow	concentrated	 in	a	 few	streets	others	
where	cycling	flow	is	more	distributed.	Whether	cities	with	a	more	important	cycling	culture	respond	










in	 cities	 like	Amsterdam	or	Copenhagen?	The	definition	of	 these	graphs,	understood	as	particular	
signatures	 of	 the	 existing	 cycling	 mobility	 of	 each	 city,	 or	 considering	 the	 same	 city	 in	 different	






























different	 sources	 by	 Kisters,	 García,	 Rondinella,	 &	 Alduán	 (2016).	 Regarding	 bike	 messenger	
companies,	while	twenty	years	ago,	only	one	of	these	companies	was	operating	in	the	city	of	Madrid,	
now	the	figure	has	gone	up	to	dozens,	some	of	which	are	incorporating	hundreds	of	new	riders,	such	






BiciMAD	users	 show	very	different	patterns	 regarding	average	 trip	distances.	While	 in	 the	case	of	





















However,	 the	analysis	of	 the	 three	groups	 independently	 is	 important,	because	 they	 respond	 to	a	
different	profile	of	people,	in	most	cases	cycling	with	a	different	purpose	and	in	consequence	having	
also	particular	needs,	and	knowing	about	 these	needs	 is	 important	 to	promote	specific	measures,	
policies	 or	 infrastructure	 that	may	 result	 effective	 for	 each	 group.	 For	 instance,	 bike	messengers,	




demand,	 or	 to	 implement	 other	 infrastructure	 close	 to	 or	 at	 facilities	 of	 some	 companies,	 in	
agreement	with	them,	with	the	aim	of	promoting	cycling	mobility	in	the	area	where	an	important	flow	
of	commuting	cyclists	 (or	potential	commuting	cyclists)	has	been	 identified.	Finally,	 the	analysis	of	

































BiciMAD	users.	 Referred	 to	 the	 controversy	 about	 “ciclocarriles”	 in	Madrid,	 the	 results	 show	 that	
these	infrastructures	seem	to	be	performing	well,	although	it	is	important	to	keep	in	mind	that	this	
can	be	more	accessible	for	BiciMAD	electric	bikes	users.	















Madrid	 	 (Ayuntamiento	 de	Madrid,	 2008),	 with	 the	 aim	 of	 analysing	 the	 existing	 cycling	 demand	
(DOYMO,	2011;	EUSA	Sociología,	2011;	Monzon	de	Cáceres	et	al.,	2011).	In	any	case,	these	results	are	










evidencing	 also	 the	 highest	 impact	 of	 traffic	 on	 females,	who	may	 feel	 less	 comfortable	 or	more	
intimidated	when	riding	close	to	cars.	Regarding	the	trip	distance,	the	average	travel	distance	is	6.267	
m	and	4,535	m	for	males	and	females	respectively,	figures	that	evidence	that	males’	average	travel	





























































Different	 patterns	 were	 also	 found	 when	 comparing	 weekday	 activity	 vs.	 weekend	 and	 holiday	
activity.	Weekdays	shows	a	clear	morning	peak	hour	that	corresponds	to	commuting	trips,	and	then	
a	second	peak	in	the	afternoon	and	evening,	which	is	earlier	in	the	afternoon	on	Fridays.	This	is	due	
to	 the	 fact	 that	 it	 is	 common	 to	 finish	 working	 early	 on	 Fridays	 in	 many	 companies	 or	 sectors.	
Weekends	and	Eastern	days’	activity	perform	 in	a	similar	way,	with	a	 reduced	activity	early	 in	 the	
morning	and	a	continuous	increase	towards	the	afternoon	and	the	evening.	The	night	activity	during	
in	these	cases	after	1	AM	is	also	remarkable,	showing	an	important	use	of	BiciMAD	associated	with	
nightlife	 during	weekends	 and	 holidays,	 which	 is	 characteristic	 of	 the	 city	 of	Madrid.	 The	 cycling	

















In	 this	 thesis,	 cyclists’	 speeds	 have	 been	 analysed	 at	 two	different	 levels.	 Firstly,	 cyclists’	 average	
speeds	have	been	estimated	for	the	three	different	groups	of	cyclists	included	in	this	research	(casual	
cyclists,	bike	messengers	and	BiciMAD	users).	 Secondly,	based	on	 the	detailed	examination	of	 the	














finding	 may	 result	 surprising	 considering	 that	 all	 BiciMAD	 bikes	 are	 e-bikes	 and	 offers	 electric	
assistance,	 some	 BiciMAD	 users	 might	 not	 have	 the	 experience	 and	 familiarity	 of	 regular	 casual	
cyclists,	so	they	ride	at	lower	speeds.	Actually,	this	could	be	the	case	especially	considering	that	the	
volunteer	 cyclists	 joining	 the	 Huella	 Ciclista	 de	 Madrid	 initiative	 could	 correspond	 to	 a	 more	
compromised	and	experienced	cyclist	profile,	related	to	the	cycling	associations	that	supported	the	
initiative.	 In	 this	 case,	 is	 that	 bike	messengers’	 speeds	 are	 clearly	 higher	 than	 casual	 cyclists’	 and	


















infrastructure	 on	 cyclists’	 speed,	 the	 models	 revealed	 that	 some	 of	 them	 significantly	 increased	
cyclists’	speed,	such	as	Segregated	or	Non-segregated	bike-lanes,	while	others	have	a	negative	impact	




















can	 be	 estimated	with	 certain	 accuracy.	 Based	 on	 this	 estimated	 travel	 times,	 it	 was	 possible	 to	
conduct	 a	 comparative	 analysis	 of	 accessibility,	 evaluating	 competitiveness	 between	 different	
transport	modes:	 cycling	 (including	BiciMAD-Madrid	Bike	 Share	 System-),	walking,	 private	 car	 and	
public	transport.	
The	results	of	this	comparative	analysis	evidenced	that	cycling	is	the	most	competitive	transport	mode	
for	what	we	 could	 consider	 “small-medium	distances”	 (under	21	minutes	 in	 length	 for	Madrid),	 a	
relevant	finding	not	only	for	casual	cycling	mobility,	but	also	for	bike-driven	parcel	delivery	services,	

































+ The	 initiative	Huella	Ciclista	de	Madrid,	and	 the	development	of	 its	core,	 the	digital	
platform,	has	played	a	crucial	role,	serving	as	a	collector	of	cyclists’	routes,	since	online	
maps	were	not	 only	 conceived	 as	 visualization	 tools	 (which	 allowed	 a	 dynamic	 and	





service	 and,	 if	 possible,	 raise	 awareness	 of	 the	motivation	 behind	 any	 initiative.	 If	
volunteers	think	that	something	makes	sense	and	is	useful	for	them,	they	will	find	it	
worthy	 and	meaningful	 to	 participate,	 even	 if	 anything	 else	 –material	 or	 economic	
incentives–	is	provided	in	exchange.	From	my	personal	point	of	view,	this	is	one	of	the	
most	important	and	useful	conclusions	I	get	from	this	thesis.	
This	 approach	 is	 also	 different	 from	 the	 one	 that	 other	 similar	 initiatives	 have.	 For	





























obtained	 in	 some	 cases.	 As	 a	 result	 of	 this,	 different	maps	 and	 video-visualizations	
represent	both	cyclists’	routes	and	the	changing	cycling	city	activity	over	time.		
+ Based	 on	 the	 estimation	 of	 cyclist	 average	 speeds	 and	 travel	 times,	 this	 thesis	 has	
performed	an	analysis	of	accessibility	and	a	comparative	analysis	of	competitiveness	
between	different	transport	modes,	 leading	to	an	 important	message:	cycling	 is	not	
only	a	sustainable	mode	of	transport,	but	also	a	very	competitive	one	when	considering	
short-medium	 distances.	 As	 far	 as	 we	 know,	 it	 is	 the	 first	 time	 different	modes	 of	
transport	travel	times	are	compared	to	cyclists	mobility	real	travel	times	obtained	both	
from	casual	cyclists	and	bike-share	users.	



































allow	 to	 produce	 not	 only	 long-term	 but	 short-term	 predictions,	 influencing	 the	way	 people	
move	around	almost	in	real	time.	Finally,	I’d	like	to	underline	the	potentiality	of	using	revealed	














transport	 modes,	 considering	 private	 cars,	 public	 transport	 (train,	 bus,	 underground	 and	
tramway),	bicycles,	bicycle	sharing	systems	and	pedestrian	mobility.	Again,	this	analysis	might	be	
soon	obsolete,	since	a	realistic	comparative	analysis	of	transport	competitiveness	will	have	to	







order	to	analyse	the	 level	of	use	certain	 infrastructure,	or	the	 impact	of	a	specific	policy,	and	
therefore	assess	their	efficiency.		
Second,	 the	models	 developed	 in	 this	 thesis	 can	 also	 be	 applied	 to	 simulate	 different	 future	
mobility	scenarios.	They	can	predict	the	impact	of	certain	measures	or	infrastructure	on	cyclists’	
operating	speeds	and	travel	times,	and	therefore	estimate	future	accessibility	scenarios,	which	










promote	 pedestrian	 or	 cycling	 mobility	 during	 weekends,	 Sundays,	 or	 specific	 holidays.	 In	
addition,	analysing	cycling	mobility	over	 the	course	of	 the	day	and	according	 to	 the	different	
types	 of	 users	 provides	 important	 information	 in	 terms	 of	 the	 use	 of	 the	 system	 and	 the	
distribution	 of	 cycling	 flow	 during	 potential	 peak	 hours;	 for	 instance,	 this	 is	 crucial	 for	 the	
adoption	of	specific	measures	for	these	intervals	of	time	at	specific	locations.		






transport,	 from	 institutions	 and	 planning	 authorities,	 to	 academia,	 involving	 an	 important	
amount	 of	 human	 and	 economic	 resources.	 However,	 although	 the	 work	 developed	 by	 the	
academia	and	the	institutions	should	be	close	related,	unfortunately,	in	many	cases	they	follow	
separate	and	parallel	paths.	In	consequence,	on	the	one	hand,	it	is	common	to	find	practices	that	
do	 not	 consider	 the	 latest	 research	 advances,	 and	 continues	 to	 provide	 solutions	 based	 on	


































on	 the	GPS	 routes	 registered	by	BiciMAD.	 The	 research	based	on	 the	 first	 sample,	 obtained	 from	






















Fifth,	 a	 new	 research	 line	 should	 be	 launched	 as	 a	 response	 to	 what	 we	 considered	 previously	
regarding	 the	 end	 of	 the	 transport	mode	 classification	 as	we	 know	 it.	 The	 emergence	 and	 recent	
adoption	of	new	systems	(such	as	Dockless	Public	Bike-Share	Systems)	and	vehicles,	electric-vehicles	
in	most	cases	(such	as	E-bikes	or	electric	mopeds)	as	well	as	the	emergence	of	electric	scooter	sharing	
services,	 car-sharing	 services,	 carpooling	 initiatives,	 or	 other	 peer-to-peer	 ridesharing	 companies,	





























































































































































This	 thesis	 comprises	 excerpts	 of	 different	 papers	 that	 I	 have	written	 in	 collaboration	with	 other	
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